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FOREWORD

This document 1s part of the Final Report performed under
contract NASW-3864, titled "NASA Long Range Technology Goals."

The obJectives of the effort were:

° To 1identify technologies whose development
falls within NASA's capability and purview,
and which have high potential for 1leapfrog
advances 1n the national 1ndustrial posture
in the 2005-2010 era.

e To define which of these technologies can
also enable quantum Jumps 1in the national
space program.

° To assess mechanisms of interaction between
NASA and industry constituencles for
realizing the leapfrog technologies.

This Volume contalns the third part of the findings
pertalning to the status of the U.S. industrial sector.
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B.14 "WHOLESALE AND RETAIL TRADE" (SICS 50-59)

Taken together, wholesale (SICs 50 and 51) and retail (SICs
52-59) trade are the largest service subsectors, contributing
22.6% to the total value added of all service subsectors and
15.4% to the total GNP in 1980. Sales for wholesale and retail
trade during 1977 were $480 billion and $518 billion (1972 $),
respectively. Wholesalers are engaged in selling merchandise to
retallers; to 1industrial, commercial, institutional, farm, or
professional business users; to other wholesalers; or acting as
agents or brokers 1in buying or selling merchandise to such per-
sons or companies. Retallers are engaged in selling merchandise
for personal or household consumption, and rendering services
incidental to the sale of the goods.

Wholesaling 1s broken up into merchant wholesaling (54% of
sales), manufacturers' sales branches and offices selling direct
(36%), and by agents, brokers, and commission merchants (10%).
Merchant wholesalers will be addressed because they are the larg-
est and fastest growing segment of the wholesaling services.
Retailing will be considered as a single entity.

Tables 14-1, 14-2 and 14-3 show the major services of each
subdivision of the wholesale and the retall trade service with
their share of the subsector's contribution to total sales 1in
1977 ranked according to SIC code. Tables 14-4 through 14-6
summarize the principal economic measures of these subdivisions.

The subdivisions are characterized by:

° A high degree of fragmentation with 1n excess of 2
million establishments for all groups combined (1977).

° A low labor productivity of $12,050 in 1980 (1972 $)
ranking this group as fourth out of five service
groups. The productivity growth rate averaged 0.25%/
year from 1970 to 1980. '
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TABLE 14-}
CLASSIFICATION OF MAJOR SFRVICES
OF THE DURABLE WHOLESALE TRADE GROUP AND
CONTRIBUTION TO SALES IN 1977

% SALES
CONTRIBIITION
ALL DURABLE
SIC CODE SUBDIVISION AND TYPICAL SERVICE GOODS GOODS ONLY

508 MACHINERY, BQUIPMENT, AND 12.8 28.8
SUPPLIES

WHOLESALING BUSINESS MACHINES,
COMPUTERS, DUPLICATING MACHINES,
CRANES, EXCAVATING, AGRICULTURAL
AND INDUSTRIAL MACHINERY, INDUSTRIAL
SUPPLIES, MEDICAL SUPPLIES, AND
TRANSPORTATION EQUIPMENT.

501 MYTOR VEHICLES AND AUTOMOBILE 8.2 18.5
PARTS AND SUPPLIES

DISTRIBUTION OF NEW AND USED PASSENGER
AUTOMOBILES, TRUCKS, AND OTHER MOTOR
VEHICLES AS WELL AS AUTOMOBILE PARTS,
SUPPLIES, TOOLS, TIRES, AND TUBES.

505 METALS AND MINERALS, EXCEPT 5.1 11.5

PETROLEM

MARKETING FERROUS AND NONFERROUS
METAL, SEMIFINISHED PRODUCTS, COAL,
COKE, COPPER ORE, TRON ORE, OTHER
NONPRECIOUS ORES, AND CRUDE NON-
METALLIC MINERALS (EXCEPT PETROLEUM).

506 ELECTRICAL GOODS 4.5 10.2

DISTRIBUTION OF ELFCTRICAL
GENERATING, DISTRIBUTING, AND
WIRING BQUIPMENT AS WELL AS
HOUSEHOLD APPLIANCES WHETHER
ELECTRICALLY, MANUALLY, OR
MECHANICALLY POWERED.

503 LIMBER AND OTHER CONSTRUCTION 4.1 9.3
NRTERTALS

DISTRIBUTION OF LUMBER, PLYWOOD,
DOOR FRAMES, MILLWORK, BRICK, CEMENT,
GRANITE, GRAVEL, LIME, PLASTER,
ROOFING MATERTALS, SAND AND TILE.

509 MISCELLANRDUS DORABIE GOODS 3.8 8.6

WHOLESALE, DISTRIBUTION OF SCRAP AND
WASTE MATERTAL, JEWELRY, PRECIOUS
STONES AND METALS, MUSICAL INSTRUMENTS,
AND COIN-OPERATED GAME MACHINES.

507 HARDWARE, PLUMBING, AND 3.0 6.7

TERTTNG HQOTPERT

DISTRIBUTION OF HAND TOOLS, BOLTS,
SCREWS, BOILERS, FURNACES, RADIATORS,
COMPRESSORS, AND REFRIGERATION
EQUIPMENT.

502 FURNITURE AND HOME FURNISHINGS 1.7 3.7

DISTRIBUTION OF HOUSEHOLD FURNITURE,
OFFICE FURNITURE, ANTIQUES, GLASSWARE,
LAMPS, CURTAINS, LINENS, AND FLOOR
COVERINGS.

504 SPORTING, RECREATIONAL 1.2 2.7

HOTOGRAPHIC ARD HEBY 0000S
o5, MO SPPLIES

SPORTING GOODS, FIREARMS AND
AMMUNITION, MARINE PLEASURE CRAFTS,
GAMES, HOBBY GOODS, CAMERAS, AND
PHOTOCOPY BQUIPMENT DISTRIBUTION.

50 WHOLESALE TRADE—DURARLE (GOODS 44,4 100.0

SOURCES: EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
ARTHUR D. LITTLE, INC.
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TABLE 14-2

CLASSIFICATION OF MAJOR SERVICES
OF THE NONDURABLE WHOLESALE TRADE GROUP

AND

CONTRIBUTION TO SALES IN 1977

SIC CODE SUBDIVISION .AND TYPICAL SERVICE

% SALES

CONTRIBUTION

ALL
GOODS

NONDURABLE
GOODS ONLY

514 GROCERIES AND REIATED PRODUCTS

DISTRIBUTION OF GROCERY LINES,
FROZEN FOODS, DAIRY PRODUCTS, POULTRY
AND EGGS, CONFECTIONARIES, SEAFOODS,

16.6

MEAT, FRUITS AND VEGETABLES, AND RELATED

PRODUCTS.

515 PARM PRODUCT RAW MATERIAL

MARKETING COTTON, GRAIN, LIVESTOCK,

AND SIMILAR FARM PRODUCTS.

517 PETROLFIM AND PETROLEUM PRODUCTS

WHOLESALING PETROLEUM AND ITS BY-

PRODUCTS.

518 BEER, WINE, AND DISTILLED ALOOHOLIC
ey M)

DISTRIBUTION OF BEER, ALE, WINES, AND

LIQUORS.

519 MISCELILANEOUS NONDURABLE QOODS

DISTRIBUTION OF FARM SUPPLIES,

TOBACCO, AND PAINTS.

511 PAPER AND PAPER PRODUCTS

DISTRIBUTION OF PAPER, STATIONARY
SUPPLIES, PENS, BAGS, PAPER CUPS,

NAPKINS, AND PAPER TOWELS.

513 APPAREL, PIECE GOODS, AND NOTIONS

DISTRIBUTION OF WOVEN FABRICS, SEWING
AND HAIR ACCESSORIES, MALE AND FEMALE

CLOTHING AND FOOTWEAR.

512 [Rll}Sﬁ ORUG PROPRIETARIES

DISTRIBUTION OF DRUGS, DRUGGISTS'

SUNDRIES, AND TOILETRIES.

516 CHEMICALS AND ALLTED PRODUCTS

DISTRIBUTION OF CHEMICALS SUCH AS

ACIDS, SALT, RESINS, EIC.

51 WHOLESALE TRADE—NONDURABLE GOODS

11.9

3.3

2.2

2.7

1.5

1.5

29.8

21.4

15.9

12.8

6.0

4.0

4.8

2.7

2.6

55.6

100.0

SOURCES: EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972

A.D. LITTLE, INC.
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TABLE 14-3

CLASSTFICATION OF MAJOR SERVICES
OF THE RETAIL, TRADE GROUP AND CONTRIBUTION TO SALES IN 1977

% SALES
SIC CODE SUBDIVISION AND TYPICAL SERVICE CONTRIBUTION

54 FOOD_STORES 21.8

SALE OF FROZEN FOOD, MEAT, POULTRY,
SEAFOOD, FRUIT AND VEGETABLES, CANDY
AND NUTS, DAIRY PRODUCTS, AND BAKED
GOODS.

AUTOMDBITE DEALERS 20.7

SALE OF NEW AND USED MOTOR VEHICLES,
BOATS, RECREATIONAL AND UTILITY
TRATLERS, MOTORCYCLES, AIRCRAFT,
SNOWMOBILES, AND AUTO AND HOME
SUPPLY STORES.

55
(EXCEPT 554)

53 GENERAL, MERCHANDISE STORES 12.5

INCLUDES RETAIL STORES WHICH SELL

DRY GOODS, APPAREL, FURNITURE, SMALL
WARES, HARDWARE, AND FOOD. STORES
INCLUDED KNOWN AS DEPARTMENT, VARIETY,
AND GENERAL STORES.,

59 MLSCELLANEOUS HRETAIL 10.4
(EXCEPT 591)
SALE OF LIQUOR, SPORTING QOODS,

BOOKS, TOYS, MAIL ORDER HOUSES,
AND VENDING MACHINES.

58 EATING AND [RINKING FLACES 8.7

INCLUDES AUTOMATS, CAFES, DINERS,
CATERERS, RESTAURANTS, BARS, TAVERNS,
AND NIGHT CLUBS.

554 GASOLINE SERVICE STATIONS 7.8

SALE OF GASOLINE AND LUBRICATING OILS,
AND MINOR REPAIR WORK.

52 BUTLDING MATERIALS, HARDMARE, GARDEN 5.4

SOPPLY, ARD WOBIIE IORE TRALERS

SALE OF LUMBER, PAINT, GLASS, HARDWARE,
NURSERY STOCK, LAWN AND GARDEN SUPPLIES,
AND MOBILE HOMES.

56 APPAREL AND ACCESSORY STORES 4.9

SALE OF NEW CLOTHING, SHOES, HATS,
UNDERWEAR, AND RELATED ARTICLES.

57 FURNITURE, HOME FURNLSHINGS 4.6

TRD NOTPHENT STORES

SALE OF FURNITURE, FLOOR COVERING,
DRAPERY, CURTAINS, HOUSEHOLD
APPLIANCES, RADIGS, TELEVISIONS,
AND MUSICAL SUPPLIES.

591 DRUGSTORES AND PROPRIETARY STORES 3.2

SALE OF PRESCRIPTION DRUGS, COSMETICS,
TOILETRIES AND TOBACCO.

SOURCES: EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
A.D. LITTLE, INC.
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° Gross value of fixed assets/employee during 1977 (1972
$) ranged from a high of $12,548 for merchant whole-
salers of nondurable goods to a low figure ($5,276) for
retail trade.

° A high amount of 1inventory, $160 billion during 1977
(1972 $), which totaled 16% of sales for all groups
combined.

° A value added of $41 billion and $149 billion for mer-
chant wholesaling and retailing, respectively, as com-
pared to $418 billion of value added for all manufac-
turing subsectors during 1977 (1972 $).

Durable and nondurable goods were developed primarily for
economic analysis of manufacturing output. Durables are normally
capitalized by businesses who buy them whereas nondurables are
considered expenses. Hence, the manufactured output of durables

adds to the capital base of the economy.

The terms durable and nondurable are used to categorize
merchant wholesalers but usually not retailers. Since many mer-
chant wholesalers represent specific manufacturers and manufac-
turing sectors producing only durable or nondurable goods, but
not both, this transfer is natural. Generally, economists cannot
group retaller categories into durable and nondurable categories
due to the integration of goods at the retail level.

Groceries and related products (SIC 514) accounted for 16.6%
of all merchant wholesale trade sales in 1977 and was the largest
subdivision of all wholesale trade subsectors. Food stores (SIC
54) accounted for 21.8% of all retail trade sales in 1977 and was
the largest retall subsector. In assessing long-term technology

needs, these two areas have been selected for further analysis.
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B.14.1 GROCERIES AND RELATED PRODUCTS (SIC 514)

The principal business of the food wholesaler is to purchase
food stuffs from growers, processers and manufacturers and dis-
tribute 1t to grocery stores, restaurants, hospitals, schools,
and other 1institutions. Inventory 1s maintained and processed

1n warehouses, then shipped via truck to customers.

The subdivision's historical and current posture 1s summa-
rized 1in Tables 14-7 and 14-8, which portray the business and
structural profiles, respectively. Table 14-7 shows that sales
have 1increased 26% in five years from $12.1 billion in 1979 to
$15.2 billion in 1983 (1972 $). The 1984 estimate of $16.7 bil-
lion 1n sales 1is a 10% increase from the previous year. Inven-
tory costs have risen from $892 million (1972 $) in 1979 to $948
million (1972 $) in 1983, a Jjump of 6%. Net profit margln has
hovered between 1.0% and 0.9% from 1979 to 1984,

Table 14-8 shows that the subdivision is dominated by ten
firms, 1including Super Valu Stores which 1s the leading grocery
wholesaler in the nation. All of the top ten firms have more

than 1,800 employees.

There are three dominant factors which influence/constrain
the grocery wholesaler service listed in Table 14-9. First, the
industry 1is affected by consumer safety laws which hold the
wholesaler 1llable for the products causing harm to customers,
irrespective of negligence or fault. Another problem faced by
grocery wholesalers 1s bankruptcy reform. Wholesale customers
can file for bankruptcy under Chapters 7 and 11 of the Federal
Bankruptcy Act, and then reorganize under a new corporate identi-
ty while retaining unpaid merchandise from the wholesaler.
Thirdly, multi-employer pension plans have adversely affected
wholesalers by draining funds for employees they no longer have.
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TABLE 14-7

BUSINESS PROFILE OF GROCERIES AND RELATED

PRODUCTS (SIC 51h)

SALES (BILLION $) 1979 1980
CORRENT 19.7 235
1972 $ 12.1  13.2

INVENTORY
MILLION 1972 $ 892 9u

INVENTORY TURNOVER ~ 13.4  14.0

NET PROFIT MARGIN 2 1.0 1.0

1981
26.5
13.6

918

14.8

0.9

14.6

0.9

1983 1984 EST.
32.0 36.0
15.2 16.7
948 1,023
16.0 16.5
1.0 1.0

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 14-8

STRUCTURAL PROFILE OF GROCERIES AND RELATED PRODUCTS (SIC 514)

SALES NET PROFIT NOMBER OF
LEADING FIRMS (1983) (MILLION 1972 $) MARGIN (%) EMPLOYEES
SUPER VALU STORES 2796 1.47 21,391
FLEMING CO., INC. 2321 0.89 11,900
WETTERAU, INC. 1303 1.0 7,600
MALONE AND HYDE, INC. 1233 1.47 11,000
SYSCO CORP. 931 2.2 7,500
FARM HOUSE FOODS 723 0.48 4,500
FLICKINGER CO. 700 0.87 7,025
SUPER FOOD SERVICES 581 0.62 1,852
CFS CONTINENTAL 558 1.4 4,500
SCOT IAD FOODS 427 0.75 2,400

1970 1975 1979 1980 1981

NUMBER OF BUSINESS FATLURES

(ALL SIC 50 & 51) 984 1,089 908 1,284 1,709
1977
NUMBER OF ESTABLISHMENTS (ALL MERCHANT WHOLESALERS) 307.3
1977
PAYROLL (ALL MERCHANT WHOLESALERS) 2
~ (MILLION 3)

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 14-9

DOMINANT CONSTRAINTS AFFECTING THE GROCERY

WHOLESALER SERVICE (SIC 50-51)

PRODUCT LIABILITY

MULTI-EMPLOYER PENSION
PLAN ACT

PROVIDES COMPENSATION TO CONSUMER INJURED BY A
PRODUCT SOLD BY THE WHOLESALER. COST OF INSUR-
ANCE IS VERY EXPENSIVE AND DOES NOT PROVIDE FULL
COVERAGE.

CLIENTS AND SUPPLIERS WITH SUBSTANTIAL FUTURE
EARNINGS POTENTIAL FILE FOR BANKRUPTCY UNDER
CHAPTERS 7 AND 11 OF THE FEDERAL BANKRUPTCY ACT,
CAUSING SUBSEQUENT LOSS OF PRODUCTS AND REVENUE
FOR THE WHOLESALER.

WHOLESALERS MUST CONTINUE TO BE LIABLE TO A
MULTI-EMPLOYER PENSION PLAN IN SPITE OF FACILITY
SHUTDOWNS, WORKFORCE REDUCTIONS, STRIKES, UNION
DECERTIFICATION, SALES OF BUSINESSES, OR NATURAL
DISASTERS.

SOURCE: U.S. DOC/BIE:

1984 U.S. INDUSTRIAL OUTLOOK.
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Competitive Issues Affecting the Grocery Wholesaler Service

The U.S. merchant wholesale trade 1s relatively unaffected
by forelgn trade competition. Rather, competition from domestic
concerns, 1l.e., other types of wholesalers and the retail trade
industry plays a more 1mportant role. In general, merchant
wholesalers will continue to dominate the market, 1increasing
their market share from 54% in 1977 to 58% in 1990.

Productivity in the Grocery Wholesaler Service

The labor productivity (see Table 14-5) for grocery whole-
salers was at $26,300 during 1977 (1972 $) while the productivity
for all nondurable goods was 9% greater at $28,700 (1972 $). The
largest expense for the service is maintaining inventory, 5.4% of
sales in 1977. New capital expenditures per employee was $1,606
during 1977 (1972 $), 10% below the service sector's average of
$1,780 (1972 $).

Role of Technology in Long-Term Strategic Outlook

The grocery wholesaler subdivision seems to be saturated
with respect to future growth rates. As the amount of the subdi-
vision products sold are definitely population related, growth
will be limited by the growth of the population. However, in-
creases 1in productivity can be made in some areas. Table 14-10
indicates major technology changes within the subdivision that
will increase productivity. These changes fall into two cate-

gorles:
° Informational efficlency--pertains to enhanced communi-
cation between manufacturer, wholesaler, and retailer;
° Physical efficlency--location and efficiency of ware-

housing.
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Universal coding of all products for unique identification
will enhance faster communication and more reliable service be-
tween manufacturer, wholesaler, and retaller. It will also re-
duce the amount of clerical help needed. The introduction of
computers will enable direct placement of customer orders, inven-
tory adjustments, and faster billing techniques. Warehousing may
also be 1improved through the use of standardized case measure-
ments, shrink wrap pallets, and plastic containers to enable the
implementation of automated console controlled interfaced convey-
or and stacker/retriever system. Thls system will reduce space
and unskilled labor needs. Also, better 1location of new ware-
houses (near major throughfares) will provide easier access to

market areas.

Introduction of these technologles could reduce costs in the
Industry, such as inventory backlog, labor and shipping. Univer-
sal product codes coupled with automated warehousing could cut
physical labor costs and computer information systems would in-
crease inventory turnover.

Conclusion

The grocery wholesaler's principal business 1s to supply
retallers and 1institutions with foodstuffs and related 1items.
The industry 1s adversely affected by consumer safety laws, bank-
ruptcy reform, and multi-employer pension plans. There 1s vir-
tually no foreign trade competition, but there 1s competition
from direct factory outlets. Productivity 1s high in the subdi-
vision at $26,300 (1977, 1972 $) per employee.

New technology seems to be aimed at improving current tech-
niques used 1in the grocery retalling service. Coding of pro-
ducts, computerization and automated warehousing will all con-
tinue to improve productivity. The basic structure of the 1ndus-

try, however, will remain unchanged.
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B.14.2 FOOD STORES (SIC 54)

This subsector includes establishments that retail all types
of food products along with related items. The food stores sub-
sector accounted for 16% of the added value in the retail trade
service during 1977. In recent years, many grocery chains re-
trenched, closing marginal stores and distribution centers.
Employees agreed to hold wages constant in return for Job securi-
ty. The effects of these cost cutting measures have been reflec-
ted in the ratio of net profits to sales which reached 1.7% 1in
1983 as compared to 1.6% in 1982.

The subsector's historical and current posture 1is summarized
in Tables 14-11 and 14-12, which portray the industry's business
and structural profiles, respectively. Table 14-11 shows that,
expressed 1iIn 1972 dollars, sales have 1increased 33% in eleven
years from $93.3 billion in 1972 to $124 billion in 1983. The
bulk of the increased sales (31%) was seen 1in the seven year
period from 1972 to 1979. A small gain of only 2% in sales was
realized in the period from 1979 to 1983. Employment has steadi-
ly 1increased, rising by 39% from 1.8 million in 1972 to 2.5 mil-
lion in 1983. Labor productivity, i.e., output per employee hour
increased at an average annual rate of 0.3% between 1977 and
1982.

Table 4-12 shows. that the food store service is comprised of
many firms, the largest of which accounted for 16% of total sales
in 1983. The top ten firms accounted for 84% of total sales in

food store service for 1983.

As shown 1n Table 14-12, inventory in a grocery store turned
over an average of 14 times in 1983, up 9% from 12.9 in 1972.
This would indicate a higher productivity and better management

of resources,
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TABLE 14-11

BUSINESS PROFILE OF THE FOOD STORE SERVICE (SIC 54)

SALES (BILLIONS) 1972 1977
CURRENT $ - 933 158
1972 $ 93.3 113

TOTAL FMPLOYMENT
(MILLIONS) 1.8 2.1

AVERAGE HDURLY EARNINGS
NONSUPERVISORY (1972 $) 3.09 3.41

RELATIVE CONTRIBUTION TO VALUE ADDED

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

1979
199
122

2.3

3.47

1981 1983
241 262
124 124

2.4 2.5

3.51 3.52

1977
18.0%

U.S. DOC/BOC: CENSUS OF WHOLESALE AND RETAIL TRADE, 1977

U.S. DOL/BLS
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 14-12

STRUCTURAL PROFILE OF THE FOOD STORE SERVICE (SIC 54)

ALBERTSON'S INC.
SUPERMARKETS GENERAL

TOTAL SALES

LEADING FIRMS (1983) (BILLION 1972 $)
KROGER CO. 7.2
SAFEWAY STORES 6.5
SOUTHLAND CORP. 4.3
LUCKY STORES 4,0
AMERICAN STORES 3.8
WINN-DIXIE 3.3
JEWEL CO. 2.7
A&P 2.5

2.1

1.4

INVENTORY TURNOVER 1979 1980

NO. OF
ESTABLISHMENTS

2450
2100
9000
1950
1140
1325
1525
1200
595
250

1981 1982 1983

1209 1306
AVERAGE Q. FT. FLOOR SPACE

14.2 13.7 14.0

1979 1984
25,000 32,000

1977 1979 1981
3,129 4,000 5,068

1977 1979 1981

RETAIL ADVERTLSING-NEWSPAPERS 1970 1975
SIC 52-59 1,759 2,364
(MILLION $)
CONSUMER CREDIT QUTSTANDING 1970 1975
(ALL SIC 52-59) 13.9 18.2
(MILLION $)

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

23.5 28.1 29.6

U.S. DOC/BOC: CENSUS OF WHOLESALE AND RETAIL TRADE, 1977
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

VALUE-LINE INVESTMENT SURVEY, 1984
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Significant structural changes are occurring in the food
stores service currently. The average square feet floor space
(Table 14-12) has risen from 25,000 square feet in 1977 to 32,000
square feet in 1984, an increase of 28%. This is due to the
ability of the 1larger stores to carry many high margin nonfood
and speclalty food 1items, on which price markups may approach
70%. Most major grocery store chains have focused on this expan-
silon to strengthen theilr flnancial position.

Among the factors which influence/constain the 1industry,
three are dominant, as shown in Table 14-13. The service will be
affected by slow population growth through the 1980s. The price
of food, 1influenced by natural disasters and other unforeseen
problems, directly affects the service. Due to consumer demands,
checkcashing 1s an essential customer service, and the food

stores lose millions of dollars in layover interest.

TABLE 14-13

DOMINANT CONSTRAINTS AFFECTING THE FOOD STORES SERVICE

SLOW POPULATION GROWTH PRINCIPAL DRIVING FORCE BEHIND FOOD
SALES IS POPULATION. TOTAL POPULATION
EXPECTED TO INCREASE ONLY 1% ANNUALLY
OVER NEXT 5 YEARS.

FOOD PRICES RISING FOOD PRICES FORCE CONSUMERS TO
BUY CHEAPER GENERIC BRANDS (LESS MARK-
UP) AS OPPOSED TO MORE EXPENSIVE
GOURMET FOODS. PRICE RISES ARE OUT OF
THE RETAILERS' CONTROL.

CASH LOSSES DUE TO FOOD RETAILERS CASH MORE CHECKS

"CHECK-FLOAT™ THAN BANKS. IN THE 7 TO 10 DAY PERIQOD
BEFORE THE BANK CREDITS THE RETAILER'S
ACCOUNT, MILLIONS OF DOLLARS IN
INTEREST ARE LOST.
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Competitive Issues Affecting the Food Store Service

Due to the subsector structure and customer base there 1is
very little foreign competition. However, domestic competitiion
1s very intense. Retall companies spent an estimated $2 billion
(1972 $) 1in 1983 on advertising.

Productivity in the Food Store Service

As stated earlier, output per employee hour increased at an
average annual rate of 0.3% from 1977 to 1982, As shown in Table
14-11, nonsupervisory hourly earnings (1972 $) in 1972 were $3.09
and rose to $3.52 by 1983, an increase of 14%. Recently, the
total number of employees has leveled off (a 4% increase from
1981 to 1983) due to increased labor efficlencies from scanning
and other computer-related technologies. During 1977, food store
service productivity (Table 14-6), at $12,200 (1972 $), was 7%
greater than the average for all retail trade at $11,400 (1972
$). New capital expenditures per employee of $918 (1972 $) were
18% larger than the industry average, showing the 1increased in-

vestment in the computerized functions.

Role of Technology in Long-Term Strategic Outlook

Food store services have traditionally made use of new tech-
nological advances. Recently, food stores have become large,
speclalized distribution centers to the retail market. However,
since market demand 1is based on population, slow population
growth has caused this subsector to reach saturation as indicated
by the recent small productivity 1lncreases. The low labor pro-
ductivity shows potential for improvement using advanced techno-

logical developments.
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New Technologies in the Food Store Service

Table 14-14 summarizes the technologles currently beilng
developed and planned. They fall into two groups:

° More efficient conventional food stores through the use
of electronic cash registers, computer functions, mi-
crofilming records, installation of automated teller
machines and electronic fund transfer apparatus, and
supermarket automation using U.P.C. codes and optical

scanners.

) Personal shopping at home using videodiscs and cable
television by viewing, ordering and paying for items
electronically through use of an 1integrated two-way
live presence videodisc/CATV system.

The first group of technologles would enhance the capablli-
tles of our current retall system. These 1improvements could
drastically increase productivity levels. Many of these techno-
logles such as scanners are already in heavy use. The FDA esti-
mates that 20,000 scanner systems handling about 50% of all re-
tall food purchases will be operational by 1987.

The second group entails the use of shop at home services
which would reduce the need for stores. With many products there
is a need to see how they perform, to Jjudge thelr appearance,
feel, color and texture. This concept could be expanded for use
in all retall trade. A customer could apply a broad range of hils
sensory facilities via remote live presence. Remote sensing that
could work in reverse and accurately measure a customer's size
requirement or personal tastes, and coupled with CAD/CAM, could
provide personalized manufacturing of clothing and other 1tems.
By these means, the need for investments in inventory and local
storage and selling facilities will be eliminated in many situa-
tions.
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This technology 1s addressed in detall in Section E.10,

"Live-Presence Communications."

Conclusion

Food stores retail all types of food items and related items
to the end user. The 1ndustry 1s constrained by a slow growth in
demand (tied to population growth), fluctuating food prices, and
cash losses due to "check-float" (lag time between checks being
cashed and accounts being credited). Productivity has been in-
creased 1n recent years due to automatic scanners and other com-

puterization.

The prospect of live presence communication could drastical-
ly change the 1industry. Consumers could conceivably do all of
the thelr shopping from thelr homes and eliminate the need for
most retail stores. This would save 1labor and capital, and

increase productivity.
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B.15 "GOVERNMENT AND GOVERNMENT ENTERPRISES" (SIC 90-97)

The government and government enterprises subsectors (SIC
90-97), represented 20% of the U.S. GNP in terms of purchases,
and 14% of the U.S. GNP in terms of total contribution in 1980.
These subsectors will be treated by function rather than by the
SIC codes shown in Table 15-1, because of the nature of the
available data.

The government purchases portion of the GNP increased from
10.7% in 1930 to 21.1% in 1982, as shown in Figure 15-1. The
overall size of these subsectors is equivalent to 80% of all
manufacturing subsectors combined. The federal government
accounted for 52.6% ($257 billion) of total direct government
expenditures during 1977, in 1972 dollars; state governments
accounted for 18.9% ($92 billion); 1local governments accounted
for 28.5% ($13 billion).

As shown in Figure 15-2, total government employment
increased from 6.4 million in 1950 (10.9% of employed labor
force) to 15.9 million in 1982 (16% of employed labor force).
Federal employment (civilian only), however, dropped from 3.5% of
the employed labor force in 1950 to 2.9% in 1982. State govern-
ment employment rose from 1.8% of the employed labor force in
1950 to 3.8% in 1982; 1local government saw the sharpest rise,

increasing from 5.5% of the employed labor force in 1950 to 9.4%
in 1982.

Federal Government Enterprises

Direct federal expenditures of $257 billion during 1977, (in
1972 $), totaled 52.6% of all direct government expenditures.
Figure 15-3 shows that insurance trust expenditures (employee
retirement, unemployment compensation, disability and health
insurance, veterans life insurance, railroad retirement) of $84
billion (1972 $) were the largest federal expenditures (31.2%).
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TABLE 15-1

STANDARD INDUSTRIAL CLASSIFICATION OF FUNCTIONS

ASSOCIATED WITH PUBLIC ADMINISTRATION

SIC CODE
91

\D\O OO
OW N =

1
1
1
1

92

921
922
9221
9222
9223
9224

93
931
94

941
943
9ul
945

95

951
9512
953
9531
9532

96

961
962
963
964
965
966

97
971

A

EXECUTIVE, LEGISLATIVE, AND GENERAL

EXECUTIVE OFFICES

LEGISLATIVE BODIES

EXECUTIVE AND LEGISLATIVE COMBINED
GENERAL GOVERNMENT, NEC

JUSTICE, PUBLIC ORDER, AND SAFETY

COURTS

PUBLIC ORDER AND SAFETY
POLICE PROTECTION

LEGAL COUNSEL AND PROSECUTION
CORRECTIONAL INSTITUTIONS
FIRE PROTECTION

FINANCE, TAXATION & MONETARY POLICY

FINANCE, TAXATION & MONETARY POLICY

ADMINISTRATION OF HUMAN RESQURCES

ADMINISTRATION OF
ADMINISTRATION OF
ADMINISTRATION OF
ADMINISTRATION OF

EDUCATIONAL PROGRAMS
PUBLIC HEALTH PROGRAMS
SOCIAL & MANPOWER PROGRAMS
VETERANS' AFFAIRS

ENVIRONMENTAL QUALITY AND HOUSING

ENVIRONMENTAL QUALITY

LAND, MINERAL, WILDLIFE CONSERVATION
HOUSING AND URBAN DEVELOPMENT
HOUSING PROGRAMS

URBAN AND COMMUNITY DEVELOPMENT

ADMINISTRATION OF ECONOMIC PROGRAMS

ADMINISTRATION OF GENERAL ECONOMIC PROGRAMS
REGULATION, ADMINISTRATION OF TRANSPORTATION
REGULATION, ADMINISTRATION OF UTILITIES
REGULATION OF AGRICULTURAL MARKETING
REGULATION MISC. COMMERCIAL SECTORS

SPACE RESEARCH AND TECHNOLOGY

NATIONAL SECURITY AND INTERNATIONAL AFFAIRS

NATIONAL SECURITY
INTERNATIONAL AFFAIRS

SOURCE:

EOP/OMB:
1972

STANDARD INDUSTRIAL CLASSIFICATION MANUAL,
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Personal Consumption (64.8%)

Private Domestic Government Purchases (21.1%)
Investment (‘3-5*) Net Exms (.6%)

Personal Consumption (77.0%)

Government Purchases (10.7%)

Private Domestic investment (11.1%
° ( ) Net Exports (1.09%)

Source: Statistical Abstract of the United States,

1984, U.S. Department of Commerce,
Bureau of Labor Statistics.

Figure 15-1. Gross National Product: 1982 Versus 1930
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Source: Statistical Abstract of the United States, 1984,
U.S. Department of Commerce, Bureau of the Census.

Figure 15-2. Government Employment/Total Employment 1950-1982
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Department of Commerce,
Bureau of the Census.

Figure 15-3. Percent Distribution of Direct Expenditure, by Function,
for Federal Government, 1977
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Source: 1977 Census of Governments,
» Department of Commerce,
Bureau of the Census.

Figure 15-4. Percent of Public Employees (Full & Part Time)
by Level of Government, 1977
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National defense expenditures of $75 billion accounted for 27.9%;:
Interest on the general debt accounted for 8.8% or $34 billion
(1972 $) of federal expenditures.

Figure 15-4 shows that the federal government employed 18.2%
of public employees or 2.8 million persons during 1977 (3% of the
employed labor force). National defense (excluding the military)
and international relations employed one million persons (34.4%
of total federal employment); the postal service, with 660,000
employees (23.0%) was second; and natural resources, with 280,000
employees, was third (9.8%), see Figure 15-5. Employment trends
over the 32-year perliod from 1950 to 1982 show a 0.6% drop 1in
federal employment when compared to the total employed 1labor
force.

State Government Enterprises

As shown 1in Figure 15-6, education received $19 billion or
20.9% of the direct state government expenditures in 1977 (1972
$), with 78% of these expenditures earmarked for institutions of
higher 1learning. Public welfare received $16 billion which
accounted for 17.5% of direct state expenditures, while insurance
trust expenditures (employee retirement, unemployment compensa-
tion) totaled 18.1% of state funds. Highway expenditures (road
maintenance, bridge repair) amounted to $10 billion or 10.7% of
state expenditures. Total direct state expenditures from 1970 to
1977 rose 49% from $61 billion to $92 billion.

Figure 15-4 shows that the state government employed 22.3%
or 3.5 million public employees in 1977 (3.8% of the employed
labor force). Education was the highest state employer, with 1.5
million employees or U42.5% of the total, see Figure 15-7. Health
care accounted for 18.2% of state employment with 638,000
employees. Highways employed 7.5% of the total with 261,000
employees. State employment trends from 1950 to 1972 show a 2.0%

increase as compared to total employment for all sectors.
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,National Defense & International
Relations (34.4%)

Postal Service (23.0%)

Highways (.174%)

Financial Administration
(3.83%)
General Control (1.56%)

Education (.767%)
Police Protection (1.95%)

All Other (15.4%)
Health Care (8.85%)

Natura! Resources (9.83%)
Source: 1977 Census of Governments,

Department of Commerce,
Bureau of the Census

Figure 15-5. Percent of Public Employees (Full & Part Time)
by Function, Federal Government

Public Welfare (17.5%)

Highways (10.7%)

\/ "
4 _.-uv.OIO‘.'O’Of:fof:‘_ Financial Administration

Education (20.9%) & Control (3.08%)
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General Debt Interest (3.83%)

All Other (12.0%) Utility and Liquor (2.66%)

Source: 1977 Census of Governments,
Department of Commerce,
Bureau of the Census.

Figure 15-6. Percent Distribution of Direct Expenditure,
by Function, for State Government, 1977
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Education (42.5%)

Police Protection (2.00%)

Health Care (18.2%)

Highways (7.47%)

Natural Resources (5.04%)
Financial Administration (3.40%)

General Control (3.03%)
All Other (18.2%)

Source: 1977 Census of Governments,
Department of Commerce,
Bureau of the Census.

Figure 15-7. Percent of Public Employees (Full & Part Time)
by Function, State Government

Health and Hospitals (6.08%)

Education (38.9%)

Highways (4.73%)

Financial Administration
& Control (3.47%)

Insurance Trust (1.40%)

Utility (10.5%)

Sanitation (4.72%) All Other (16.1%)

Source: 1977 Census of Governments,
Department of Commerce,
Bureau of the Census.

Figure 15-8. Percent Distribution of Direct Expenditure,
by Function, for Local Government, 1977
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Local Government Enterprises

Figure 15-8 shows that education received $54 billion or
38.9% of direct local government expenditures in 1977 (1972 $),
with 94% of these expenditures earmarked for loecal schools.
Utilities (water supplies, electric power, transit and gas sup-
plies) received $15 billion or 10.5% of direct expenditures.
Public welfare and health care each received 6.1% of direct
expenditures. Total direct local government expenditures rose
from $90 billion to $139 billion from 1970 to 1977, a gain of
55%.

Local government employed 9.3 million or 59.3% of all public
employees in 1977. As shown in Figure 15-9, education was the
largest local government employer, with 5.2 million employees or
56.2% of the total. Health care employed 678,000 or 7.31% of the
total. A 3.9% gain in local government employment has been real-
ized in the 32 year period from 1950 to 1982 when compared to the
total employed labor force.

B.15.1 SIGNIFICANT GOVERNMENT EXPENDITURES

Four of the largest government expenditures (for all levels
of government combined) were insurance trusts, national defense,
health care, and education. Combined they accounted for 57% of
all direct government expenditures. They are discussed below:

° Insurance Trusts received $103 billion, which accounted

for 21.1% of all direct government expenditures during
1977 (1972 $), as shown in Figure 15-10. Employee
retirement received $13.7 billion, unemployment compen-
sation $10.6 billion, old age, survivors, disability,
and health $73.7 billion, and all other insurance $5
billion (all 1972 $).

° National Defense (nonmilitary functions only) received
$75 billion, which accounted for 15.4% of all direct
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Education (56.2%)

Highways (3.25%)
Financial Administration (1.85%)

Police Protection (5.95%)

General Control (4.27%)
Health Care (7.31%)

Natural Resources (.355%)
All Other (20.7%)
Source: 1977 Census of Governments,
Department of Commerce,
Bureau of the Census.

Figure 15-9. Percent of Public Empiloyees (Full & Part Time)
by Function, Local Government

Education (16.1%)

Health and
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Natural
Resources (3.27%)
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& Control (2.16%)

General Debt
Interest (6.51%)
insurance Trust (21.1%)

All Other (14.4%) Utility & Liquor (3.54%)

Source: 1877 Census of Governments,
Department of Commerce,
Bureau of the Census.

Figure 15-10. Percent Distribution of Direct Expenditure,
by Function, For All Governments, In 1977
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government expenditures during 1977, in 1972 dollars
(Figure 15-10). National defense personnel comprised
6.3% of all public employees (see Figure 15-11).

° Health Care received $22 billion, which accounted for
4.,5% of all direct government expenditures during 1977
in 1972 dollars (see Figure 15-10). Health costs
amounted to $6.6 billion and hospitals costs totaled
$15.4 billion. Employment in health and hospital ser-
vices amounted to 1.6 million people or 10.0% of all
public employees. (Figure 15-11). These services are
expected to be dramatically influenced by near and
long-term technology developments in data management
and communications (i.e., artificial 1intelligence,
expert systems, and telepresence) as well as diagnos-
tics, treatment and rehabilitation (sensors, advanced
materials, blotechnology, and robotics). Health care

1s discussed extensively in Section C.1.

] Education accounted for 16.1% of all direct government
expenditures during 1977 (Figure 15-10). Institutions
of higher education received $18.5 billion, 1local
schools $51.1 billion, and all other educational insti-
tutions $9.4 billion (in 1972 $).

As shown in Figure 15-11, education accounted for 43% of all
public employment in 1977. Education 1s rapidly changing with
the advent of new technology. Technology developments in commun-
ications, artificlal intelligence, expert systems, and sensors
willl 1impact this area. There 1s 1likely to be sustained rapid
growth 1n continuing education and training. Because of these
factors, Education (SIC 82) has been selected for further analy-

sis of long-term expectations and needs.

15-10



Education (43.0%)

Postal! Service (4.23%)

ational Defense
Highways (3.63%) \ & International Relations (6.33%)

Police Protection (4.33%) Financial Administration (2.56%)
General Control (3.50%)

Health Care (10.0%)
Natural Resources (3. 14%) All Others (19.1%)
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Figure 15-11. Percent of Public Employees (Full & Part Time)
by Function, All Government ,1977

15-11




B.15.2 EDUCATION

Education (SIC 82) includes those institutions devoted to
furnishing formal academlc or technical courses. Table 15-2
lists the various educational institutions and the services pro-

1

vided by each.

During 1983, the government spent $71 billion (1972 $) on
public education and $3 billion on private. Nongovernment
sources contributed $10 billion and $18 billion to public and
private education respectively. From 1960 to 1983, government
subsidization of public education dropped from 92.0% to 87.3%.
During the same period, government subsidization of private edu-
cation rose from 9.6% in 1960 to 13.6% in 1983, peaking at 14.2%
in 1981 (Figure 15-12). The education subsector's business and
structural profiles are summarized in Table 15-3 and 15-4 respec-
tively. Table 15-3 shows that, expressed 1in constant 1972 dol-
lars, education expenditures (public and privéte) have 1lncreased
18% from $92.6 billion in 1972-73 to $109 billion in 1983-84.
Much of thils 1increase can be attributed to the higher cost of
fuel and other materials. Teacher salaries have affected costs
less signficantly; employment of teachers in the public school
system (elementary and secondary) has remained at a constant 2.2
million since 1975, a figure which is not expected to rise appre-
cilably in the near future because of declining pupil enrollment.

Table 15-4 shows that public elementary schools account for
70% of public education facilities, while private elementary
schools encompass 64% of all private facilities. Overall student
enrollment in elementary and secondary schools has declined from
52.2 million 4in 1970 to 49.2 million in 1982, a decrease of
5.7%. The largest decrease has been in elementary schools, where
enrollment has fallen from 30 million in 1970 to 24.4 million in
1982 (a 12.3% decline). College enrollment, however, has real-
ized a U47% increase from 5.7 million in 1970 to 8.4 million 1in
1982.
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TABLE 15-2

CLASSIFICATION OF EDUCATIONAL SERVICES (SIC 82)

SIC CODE

821

823

822

824

829

SUBDIVISION DESIGNATION NUMBER OF
AND TYPICAL SERVICE INSTITUTIONS

ELEMENTARY AND SECONDARY SCHOOLS

ACADEMIES, BOARDING SCHOOLS, FINISHING
SCHOOLS, JUNIOR AND SENIOR HIGH SCHOOLS,
KINDERGARTENS, MILITARY ACADEMIES, PREP
SCHOOLS, ELEMENTARY SCHOOLS, SCHOOLS FOR
THE RETARDED, SCHOOLS FOR THE PHYSICALLY
HANDICAPPED, SECTARIAN SCHOOLS, SEMIN-
ARIES, AND VOCATIONAL SCHOOLS.

LIBRARIES AND INFORMATTON CENTERS

DOCUMENTATION CENTERS, CIRCULATING
LIBRARIES, LENDING LIBRARIES, LIBRARIES,
AND BOOK RENTALS.

COLLRGES, UNIVERSITIES, PROFESSIONAL
SCHOOLS ARD JUNIOR COLLEGES
COLLEGES, PROFESSIONAL SCHOOLS, SERVICE
ACADEMIES, THEOLOGICAL SEMINARIES, UNI-

VERSITIES, COMMUNITY COLLEGES, JUNIOR
COLLEGES, AND TECHNICAL INSTITUTES.

CORRESPONDENCE SCHOOLS AND
VOCATIONAL SCHOOLS

CORRESPONDENCE SCHOOLS, DATA PROCESSING
SCHOOLS, BUSINESS SCHOOLS, COMMERCIAL
SCHOOLS, SECRETARIAL SCHOOLS, AVIATION
SCHOOLS, BANKING SCHOOLS, COMMERCIAL ART
SCHOOL, NURSES SCHOOLS, TRADE SCHOOLS, AND
VOCATIONAL SCHOOLS.

SCHOOLS AND EDUCATIONAL SERVICES,
NOT ELSEWHERE CLASSIFIED

ART SCHOOLS, AUTO DRIVING SCHOOLS, BATON
INSTRUCTION, BIBLE SCHOOLS, CHARM SCHOOLS,
CERAMIC SCHOOLS, CIVIL SERVICE SCHOOLS,
DICTION SCHOOLS, DRAMA SCHOOLS, FINISHING
SCHOOLS, FLYING INSTRUCTION, HYPNOSIS
SCHOOLS, LANGUAGE SCHOOLS, MODELING SCHOOLS,
MUSIC SCHOOLS, PERSONAL DEVELOPMENT SCHOOLS,
PUBLIC SPEAKING SCHOOLS, READING SCHOOLS,
TUTORING SCHOOLS, AND VOCATIONAL COUNSELING
SCHOOLS.

SOURCE:

EOP/OMB:

STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972

102,699

32,387

3,253

6,497

N/A
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TABLE 15-3

BUSINESS PROFILE
OF THE EDUCATIONAL SERVICE (SIC 82)

EXPENDITURES (BILLION $) 1972-73 1977-78 1979-80 1981-82 1983-84
ELEMENTARY AND SECONDARY 57.5 64.9 66.5 64.9 66.8
PUBLIC 51.5 58.0 60.0 57.6 59.1
PRIVATE 6.0 6.9 7.5 7.3 7.7
HIGHER EDUCATION 35.1 35.3 38.2 37.5 42.2
PUBLIC 23.3 23.8 25.4 25.0 30.0
PRIVATE 11.8 11.5 12.8 12.5 14.2
TOTAL EXPENDITURES 92.6  100.2  104.7  102.4  109.0
PUBLIC SCHOOL
EMPLOYMENT ~
(TEACHERS ONLY) 1965 1970 1975 1977 1979 1981 1982
MILLIONS
ELEMENTARY 0.9 1.1 1.2 1.2 1.2 1.2 1.2
SECONDARY 0.7 0.9 1.0 1.0 1.0 1.0 1.0
TOTAL 1.6 2.0 2.2 2.2 2.2 2.2 2.2
HIGHER EDUCATION FACULTY EMPLOYMENT
(THOUSANDS)
ALL INSTITUTIONS UNIVERSITY OTHER 4 YR 2 YEAR
PUBLIC 291 91 114 05
PRIVATE 111 33 12 6
TOTAL 402 124 186 91

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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TABLE 15-4

STRUCTURAL PROFILE OF THE

EDUCATIONAL SERVICE (SIC 82)

NUMBER OF SCHOOLS (1981)

PUBLIC PRIVATE
ELEMENTARY 59,326 ELEMENTARY 13,333
SECONDARY 22,619 SECONDARY 2,219
COMBINED 1,743 PRIVATE COMBINED 3,459
HIGHER EDUCATION (1982) 1,493 PRIVATE HIGHER EDUCATION (1982) 1,787
ENROLLMENT (MILLIONS)

965 1970 1975 1978 1981 1982
NURSERY 0.1 0.3 0.6 0.6 0.6 0.7
K-GARTEN 2.4 2.6 2.9 2.5 2.6 2.7
ELEMENTARY 27.6 30.0 27.2 25.3 24.8 24.4
HIGH SCHOOL 11.5 13.5 1.5 14,2 13.5 13.0
COLLEGE 3.8 5.7 7.7 7.4 8.2 8.4
TOTAL 5.5 52.2 52.8 50.0 49.7  49.2
ENROLLMENT BY AGE FOR NURSERY SCHOOL. AND ABOVE
(MILLionsy ... ..
AGE 1965 1970 1975 1980 1982
3-4 0.9 1.5 2.1 2.3 2.4
5-6 7.0 7.0 6.6 5.9 6.1
7-13 27.4  28.9  26.1 23.8  23.7
14-15 7.0 7.9 8.3 7.3 7.0
16-17 6.0 6.9 7.4 7.1 6.9
18-19 2.9 3.3 3.8 3.8 3.8
20-21 1.4 1.9 2.4 2.5 2.8
22-24 1.0 1.4 1.7 1.9 2.1
25-29 0.7 1.0 1.7 1.7 1.9
30-34 0.3 0.5 0.9 1.1 1.2
TOTAL 54.6 60.3 61.0 57.4 57.9
SOURCES: ~ U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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Competitive Issues in Education

Education, particulary public primary and secondary educa-
tion, has undergone considerable public scrutiny and criticism
over the past two years. The federal government lacks a national
education strategy; curriculum requirements and funding 1levels
differ from state to state and from school system to school Sys-
tem. In many foreign countries, by contrast, where a national
education policy has been adopted, it is possible for a student
to transfer from one school to another at any time during a
school year and experience little or no change in texts, courses,
or curriculum. In these countries, the quality of education is
perceived to be relatively uniform. Comparative education sta-
tistics for various countries are discussed below; salient
results are summarized in Table 15-5.

° Literacy rates--According to the World Almanac, Japan,
the U.S., and F.R. Germany all have literacy rates of
99%. (U.S. literacy rates, however, have been reported
to be as low as 86%).

[ Age limits and years of compulsory education--The U.S.
requires ten years of education; Japan and F.R. Germany
mandate nine years. In all three countries, a child
must be at least three years old before entering a
preprimary school.

° Pupil-teacher ratio
Primary education--In 1979, Japan had the highest

pupil-teacher ratio at 25:1. The ratios in the U.S.
and F.R. Germany were 21:1 and 20:1, respectively.

Secondary education--Including general, vocational, and

teacher training, Japan had the highest pupil-teacher
ratio at 17:1 in 1979. The U.S. and F.R. Germany had
ratios of 14:1 and 15:1, respectively.
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TABLE 15-5

COMPARATIVE STATISTICS ON NATIONAL EDUCATION SYSTEMS

IN THE U.S., JAPAN AND F.R. GERMANY

e NATTONAL EDUCATION SYSTEM REQUIREMENTS

DURATION YOUNGEST

COUNTRY AGE LIMITS (YEARS) ENTRANCE AGE
u.s. 7-16 10 3
JAPAN 6-15 9 3
F.R. GERMANY 6-15 9 3

° mARATIVE PUPTL/TEACHER RATIOS, 19793
COUNTRY 1ST LEVEL 2ND LEVEL
U.S. 21 14
JAPAN 25 17
F.R. GERMANY 20 15

e EDUCATION AT UNIVERSITY LEVEL, 1980

NUMBER OF STUDENTS/

COUNTRY 100,000 INHABITANTS
U.s. 5419
JAPAN 2070
F.R. GERMANY 2008

OWOFMEIGNMMATWMM, 1980

NUMBER

HOST COUNTRY FOREIGN STUDENTS
U.S. 311,880
JAPAN 6,543
F.R. GERMANY 61,841

8 INCLUDES GENERAL, VOCATIONAL, AND TEACHER TRAINING
SOURCE: UNESCO: STATISTICAL YEARBOOK, 1983.
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° Post-secondary enrollment--In 1980, the U.S. had 5419
students per 100,000 1inhabitants, enrolled 1in post-
secondary education; F.R. Germany and Japan had 2000

and 2070 students enrolled, respectively.

) Post-secondary foreign student enrollments--In 1980,
311,800 foreign students were enrolled in U.S. post-~-
secondary schools, 61,841 forelgn students were
enrolled in West German schools and 6,543 in Japanese

schools.

° Public expenditure on education as a percentage of GNP-
-In 1980, the U.S. spent 7.0% of its GNP on education,
while Japan spent 5.8%; 1in 1979, F.R. Germany spent
4.7%

Although the above numbers are indicative of each nation's
commitment to education, in terms of money and manpower, the
approach 1is subject to three criticisms. First, categories may
not be strictly comparable between countries. For example, many
more Americans recelve post-secondary education than do Germans
or Japanese. The curriculum of a German or Japanese secondary
school, however, may cover much of what 1is taught 1in U.S. post-
secondary schools, thereby offsetting the discrepancies in educa-
tional attainment. Secondly, there 1is no indication of the qual-
ity of education in each country. Although the U.S. requires a
year more of compulsory education than Germany and Japan, the
quality may be such that 10 years of learning 1in the U.S. 1is
equivalent to, or less than 9 years in other countries. In addi-
tion, years of compulsory education say little about the average
number of years actually spent in school. Finally, the numbers
are 1Inconsistent and, may be misleading. Looking agaln at the
years of education required, the numbers do not include school
days per year, or hours of school per day, because there 1s vari-
ance within the U.S. on these 1ssues.
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Student funding for higher education in the U.S. has been
shifting 1in recent years toward student loans as opposed to out-
right grants. As shown in Figure 15-13, 42.9% of student aid 1is
through the guaranteed student loan program.

Basic Trends in Education

Several demographic, technological, and socioeconomic trends
are putting pressure on providers of education to change the
structure of the educational system and to increase the quality
of education. Among these are:

e Tendencles toward smaller, later families and the over—
all aging of the population--The changing structure
associated with a drop in the birth rate has resulted
in school closings and consolidations in many regions
of the U.S. The decline in the school-age population
1s expected to persist through 1990, at which point the

trend will begin to reverse.

® Rapid technological developments--These 1in turn cause
the skills required of the work force to change, cre-
ating an 1increased need for retraining and continued
education of workers and professionals at all levels.

° Lack of prestige and low salaries assoclated with the
teaching profession--This factor has a negative impact
on the quality of incoming teachers and causes many
well-qualified potential teachers to seek employment 1in
the higher-paying commercial sector.

L Aging of the teaching population--Declining numbers of
students have lessened the demand for newly trained
teachers. This combined with a low level of contin-
uing-education funds and programs for current teachers
serves to downgrade the overall technological prepared-

ness of teachers.
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Source: College Board Estimates

Figure 15-13. Sources of Student Aid 1983-1984 Academic Year
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] Public pressure to provide better science and math
education.

° Increased interest in the use of performance and compe-
tency tests.

° Increased adoption of computer literacy programs.

e Increasing'interaction between the business and educa-
tion communities--Many business/education partnerships
are developing, in which business provides support to
local educational systems in many forms including
direct grants, curriculum and other planning assis-
tance, teaching assistance, teacher-employee exchange
programs and student counseling. But this has also
brought about increased demands by business on the

education systems to produce graduates more attuned to
the skill needs of employers.

New Technologies in Educational Services

Table 15-6 summarizes the technologies currently being
developed that are expected to impact the quality of education.
They fall into the following two major groupings:

° More efficient use of educational techniques. The use
of artificial intelligence, education stations and
innovative communication techniques would presumably
enhance the quality of current educational systems.

° More widespread application of learning theories. The
use of behavior modification and neurophysiology to

increase student receptiveness, recall and cognitive
processes.
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The use of artificial intelligence with interactive software
will increase learning for individual students, as will education
display stations receiving information from a broadly based edu-
cation communications network. Behavior modification of students
will make students more receptive to education and allow more
efficient use of educational resources. The use of neurophysi-
ology to increase recall and cognitive brain functions is also
being researched.

Section E.9, Accelerated Learning, further enumerates advanced
educational techniques.

Conclusions

The principal strategic issues now facing the educational
services in the U.S. relate primarily to retrenchment in the face
of declining enrollment, cutbacks in tax revenue and reposition-
ing with a stronger emphasis on the "basics" and measurable stu-
dent achievement. The educational systems are beginning to
become more responsive to technological change and computer
literacy programs, while the use of computers is beginning to
proliferate. However, this is due largely to impetus from the
computer industry itself. The development of effective, inter-
active software and educational systems has been relatively slow,
because the educational services remain highly decentralized and
politicized.

The quality and accessibility of U.S. education is highly
variable depending on location, and it is anticipated that prob-
lems associated with this variability will represent major stra-
tegic challenges into the 1990s and beyond. At the primary and
secondary levels, over 50% of the funds come from state and local
Sources, and priorities for their use are established at these
levels. Consequently, there is no consistent or centralized
effort to adopt or respond to new technologies.
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By the year 2000, it is anticipated that the need to adapt
to technological change will have to be joined with the need to
individualize materials and approaches to different systens,
teachers and students. However, those who teach in grades K
through 12 have typically received their training in education
rather than in specific course areas. According to publishers
and suppliers of educational courseware, these teachers are par-
ticularly uncomfortable 1in the scientific areas. Teacher
training and retraining is, therefore, also likely to grow in
importance during the late 1980s and 1990s as an area for major
attention and investment. It is unlikely that educators alone
will be able to marshall the resources necessary to take advan-
tage of advances in artificial intelligence or computer and tele-
communication technologies. If these and other advanced technol-
ogies are to be adapted for use in the school environment, the
development of appropriate educational products and the impetus
for their use will have to come from outside the schools.

Artificial intelligence applications and improved education
stations are 1likely to represent the most important near-term
technology applications to the education industry. Combined with
improvements in cost-effective mass storage and communication
systems, these technology applications have the potential for
substantially improving educational achievement--particularly in
areas which currently have the least access to quality teachers
and programs. Beyond these applications, the most promising
technological breakthroughs are potentially in the area of sen-
sors and neurophysiology, which would permit more individualized
interactive systems tailored to 1learning capabilities and
achievement of individual students--particularly the gifted and

learning impaired.
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B.16 "FINANCE"™ (SIC 60-61)

The finance 1industry (SIC 60-61) comprises a major part of
the finance, 1insurance, and real estate subsectors (SIC 60-71)
that accounted for 21% of the service sector's contribution to
GNP in 1980. (Subsector 62, Security and Commodity Brokers,
Dealers, Exchanges, and Services, generally considered a part of
the finance 1industry, will not be discussed in this section.)
Table 16-1 outlines the major subdivisions of depository institu-
tions within the two financial subsectors: banking (SIC 60) and
credit agencles other than banks (SIC 61). Classified within the
two subsectors, but not included in Table 16-1, are the following
nondepository institutions: Establishments performing functions
closely related to banking such as check cashing agencles (SIC
605), agencles other than banks that are involved with rediscount
and financing (SIC 611), agricultural credit institutions (SIC
613) and mortgage brokers (SIC 616). The two largest financial

TABLE 16~1

CLASSIFICATION OF DEPOSITORY INSTITUTIONS
WITHIN SIC 60 (BANKING) AND SIC 61
TCREDIT AGENCIES OTHER THAN BARRS)

1982 ASSETS
SIC CODE SUBDIVISION DESIGNATION (BILLION $)
602 COMMERCIAL AND STOCK SAVINGS BANKS 1,878
612 SAVINGS AND LOAN ASSOCIATIONS 706
614,615 PERSONAL CREDIT AND BUSINESS CREDIT
INSTTTUTIONS 319
FEDERAL, AND STATE CREDIT UNIONS
FINANCE COMPANIES
601 FEDERAL RESERVE BANKS 187
603 MUTUAL SAVINGS BANKS 174
SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
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subdivisions as ranked by assets are commercial and stock savings
banks (commercilal banking, SIC 602) and savings and loan associa-
tions (SIC 612). These two subdivisions will be analyzed in this
chapter and will be referred to as the finance industry.

Financial 1institutions in the U.S. are now starting ¢to
undergo profound structural changes. These changes have been
prompted more by deregulation than by technology. The primary
deregulatory actlion was the Garn-St. Germain Depository Institu-
tions Act of 1982. The salient features are:

° Small savers are provided with higher returns through
vehicles such as money market deposit and super NOW
(Negotiable Order of Withdrawal) accounts.

o Greater investment authority was given to savings and
loan associations and those organizations were allowed
to convert to federal savings banks. In the first 7
months of 1983, 98 associations with $43 billion of
assets converted to savings banks.

° Regulatory agencies were given greater flexibility to
ald financial 1institutions that are in financial
trouble.

[ Lending power was enlarged for all depository institu-
tions.

In October 1983, further deregulation occurred when the Deposi-
tory Institutions Deregulation Committee removed all interest
rate cellings for deposit accounts with a maturity of more than
31 days.

Financial profiles of the commercial banking and savings and

loan 1industry are shown 1in Tables 16-2,3 and 16-4, respec-

tively. Assets, total employment, the number of banks, and the
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TABLE 16-2

BUSINESS PROFILE OF THE
COMMERCTAL, BANKING INDUSTRY (SIC 602)

1972 1977 1979 1981 1983 1984 EST.

ASSETS (BILLION $)
~ CURRENT $ 739 1,166 1,351 1,652 1,966 2,123

1972 $ 739 833 827 847 932 987
TOTAL FMPLOYMENT
(THOUSANDSY 1,105 1,238 1,369 1,482 1,530 1,553

Money Market Rates: 1970 to 1982
Percent Per Annum
20r

u Prime rate
charged by banks

16+

- Federal Reserve discount
12 rate, high of the year

FHA home
- mortgages

Prime
commercial
paper

(4-86 mos.)

0 | ;
1970 1972 1974 1976 1978 1980 1982
Source: Chart prepared by the U.S. Bureau of Census

RETURN (N;ASSEI'S (%) 1978 1982

ALL, BANKS 0.76 0.71

<$100 Million 1.04 1.08

$100 Million to $1 Billion 0.90 0.85

>$1 Billion 0.60 0.56
RETURN ON BQUITY (%)

ALI, BANKS 12.9 12.2
<$100 Million 13.2 12.7
$100 Million to $1 Billion 13.2 12.0
>$1 Billion 12.6 12.1

SOURCES: U.S. DOC/BIE: 1984 U.S. INUSTRIAL OUTLOOK
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 16-3
STRUCTURAL PROFILE OF THE

COMMERCIAL BANKING INDUSTRY (SiC 602)

1983 ASSETS
($ BILLION)
LARGEST COMMERCIAL BANKS -
‘CITICORP 134.7
BANKAMERICA CORP. 121.2
CHASE MANHATTAN CORP. 81.9
MANUFACTURERS HANOVER CORP. 64.3
J.P. MORGAN AND CO. 58.0
CHEMICAL NEW YORK CORP. 51.2
CHANGES IN COMMERCIAL BANKING STRUCTURE
1970 1977 1979 1981 1982
BANKING OFFICES 37,166 50,695 54,926 59,348 57,913
~ NOMBER OF BANKS 14,199 15,207 15,201 15,355 15,412
NUMBER OF BRANCHES 22,967 35,488 39,725 43,993 42,501
OFFICES OPENED 1,864 2,524 2,891 2,901 2,387
BANKS 186 206 239 265 379
BRANCHES 1,678 2,318 2,652 2,636 2,008
OFFICES CLOSED 280 483 573 785 3,822
BANKS 165 169 oulL 240 322
BRANCHES 115 314 329 545 3,500

NET CHANGE DURING YEAR 1,584 2,041 2,318 2,116 -1,435

1978 1982

NO. OF FDIC PROBLEM BANKS 382 305

NO. OF FATTFD BANKS - 34
(+8 MUTUAL

SAVINGS BANKS)

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S. 1984
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 16-4

FINANCIAL PROFILE OF THE

SAVINGS AND LOAN INDUSTRY (SIC 612)

1972 1977 1979 1981 1983 1984 EST.
ASSETS (BILLION $)
~ CURRENT $ 236 48 568 651 830 905
1972 ¢ 236 298 348 334 393 421
TOTAL FEMPLOYMENT
(THOUSANDS) 129 208 242 269 295 313
NET NEW SAVINGS
(BITLIONS §) 24 32 15 -25 55 )
NO. OF ASSOCIATIONS - — 4,700 4,292 3,513 -
LARGEST PUBLIC SAVINGS AND LOAN ASSOCIATIONS
1983 ASSETS
($ BILLION)
H.F. AHMANSON AND CO. 20.2
GREAT WESTERM FINANCIAL CORP. 18.6
GOLDEN WEST FINANCIAL CORP. 8.2
IMPERTAL CORP. OF AMERICA 6.1
GIBRALTAR FINANCIAL CORP. 6.0
FINANCIAL CORP. OF SANTA BARBARA 2.5

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
VALUE-LINE INVESTMENT SURVEY, 1984
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number of branches have been rising slowly between 1982 and 1983
in the commercial banking industry. Increased use of automated
teller machines (ATMs) and the high cost of bullding "brick and
mortar" branches (currently $0.25-0.5 million) will probably
reduce, or at least stem the increase of the number of branches
in the future. Assets and total employment have been increasing
at a more rapild rate 1n the savings and loan industry; assets 1in
1984 are estimated to be nearly twice the value (constant 1972 $)
than they were 1in 1972, and total employment has more than
doubled during the same period. The number of savings and loan
assoclations has been falling: There were 3,500 in 1983 compared
with 4,700 in 1979. The return on assets and on equity is higher
for smaller banks with less than $100 million in assets than for
large banks with $1 billion or more in assets.

The number of problem banks has remained steady, there were
345 problem banks in 1982 (Table 16-3) as compared with 342 1in
1978. In 1982, 34 commercial banks and 8 mutual savings banks
(SIC 603) failed. Currently, the largest problem bank is Contin-
ental Illinois Corp (1983 assets $42.1 billion.)

The net savings flow for the savings and loan industry is
shown 1in Table 16-4., The net new savings 1s estimated for 1984
at $45 billion, or slightly lower than $55 billion in 1983. The
largest (based on assets) commerclal banks and savings and loan
assoclations are shown in Tables 16-3 and 16-4 respectively.

Dominant constraints affecting the financial industry are
shown in Table 16-5. Although the industry 1is far less regulated
in the past, there are still regulations banning 1interstate
branching and, 1n 32 states, regulations 1limiting intrastate
branching. There 1s currently an experiment with regional
branching in New England. Since the introduction of money market
and Super NOW accounts, the bulk of the money put into these
accounts has flowed from passbook checking and certificate
accounts already on deposit at financial institutions instead of
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TABLE 16-5

DOMINANT CONSTRAINTS AFFECTING THE
~ FINANCIAL INDUSTRY

GOVERNMENT REGULATIONS ALTHOUGH SUBSTANTIAL DEREGULATION HAS OC-
CURRED IN INDUSTRY, SOME REGULATION STILL
EXISTS: INTERSTATE BANKING PRESENTLY BAN-
NED. IN ADDITION, AT PRESENT 32 STATES
ALIOW ONLY LIMITED BRANCHING OR IMPOSE
BRANCHING LIMITS.

INCREASED COMPETITION DEREGULATION HAS CAUSED OTHER INDUSTRIES
FROM OMHER  INDUSTRIES (1.e., BROKERAGE INDUSTRY) TO OFFER
FINANCIAL SERVICES PREVIOUSLY BANNED.

FISCAL/MONETARY POLICY INDUSTRY INFLUENCED BY INTEREST RATES.

SOURCE: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

from money market accounts at competing nondepository firms.
Fiscal/monetary policy has a substantial effect on the industry;
savings and loan assoclations are especlally affected by high
interest rates since most of their loan business is still in
residential mortgages with either fixed rates or, or a more
recent introduction, adjustable rate mortgages (ARMs) with fixed
interest rate ceilings.

Technology in the Finance Industry: An Overview

Leading edge technologies have had only a small impact upon
financial businesses which are more social than technological
institutions. Consequently, financlal business assimilate tech-
nology into their operations at a far slower rate than businesses
based directly upon the applications of high technology. Thus,
the technologiles currently used by financial institutions are, on
average, five years behind the leading-edge technologies.
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This lag in technological usage emanates from the culture of
financial businesses, which are slow to adapt to new technology
on a personal level, because of the 1legislatively controlled

environment 1n which they must operate.

As previously indicated, the changes 1in the finance industry
have been prompted more by deregulation than by technology. For
example, in the commerclal banking industry, the costs associated
with the deregulation of products, prices and territorial con-
straints are only beginning to be felt. The most successful
banking organizations 1in the future will be those capable of
delivering products and services at the lowest effective costs.
In this respect, bank operations and systems will be of paramount
importance. To meet these future competitive demands, bankers
will be required to strategically address and plan for the incor-
poration of the newest technology and various elements of elec-
tronic banking in an integrated fashion.

Currently, however, electronic product development and
future technological requirements have not been given the prior-
ity they must have to permit commercial banks to be low cost
producers in the finance industry.

The critical area in this regard is data processing, whose
vulnerability in the banking community arises from mismanagement
and not from a lack of available technology. At most banks, the
focus of data processing management 1s too narrow. In the
absence of elther strong senior management direction or heavy
marketing influence, expenditures will continue to be made for
"add-on-modules," rather than for integrated operating systems.
In view of the current deregulation in the finance industry, it
i1s incumbent upon managements to 1increase productivity through
strategic, futuristic electronic banking plans--the centerplece
of which must be a strong data processing capability.
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The fragmented approach to electronic banking adopted by
many financial 1nstitutions has produced such counterproductive
results as competing networks and misdirected applications of
resources, which have stifled increases in productivity. This
narrow emphasis has contributed to accelerated efforts by major
retallers to control an 1increasingly larger portion of the pay-
ment system. Retallers have also begun to transform this system
from one using bank services to one dominated by retaller systems
capable of charging banks for the services provided.

In the last decade, critics of electronic funds transfer
have suggested that consumers were not, in fact, interested 1in
electronic banking; 1ndeed, there has never been a ground swell
of demand for these services. Nevertheless, as technological
improvements are increasingly incorporated into the everyday 1life
of consumers, consumer expectations and demands will rise, per-
haps dramatically. In the future, each of these technical devel-
opments will give rise to a new series of services. These ser-
vices will require an expanding base of information which, 1in
turn, must be supported by a corresponding increase in the capa-
city to deliver data 1in order to fulfill expanding consumer ex-
pectations. These expectations will either overwhelm commercial
banks or 1increase these institutions' profitability, depending
upon the extent to which they planned for and incorporated new

technology into their operations.

Technology utilization within the finance 1industry 1s, 1in
many aspects, more complex than that of other industries. This
1s because of the heavily regulated business environment, highly
personal and confidentlial nature of the 1industry services,
extremely diverse characteristics and needs of 1individual cus-
tomers, huge data bases, interactive nature of the data, accuracy
and security requirements, and the time value of information and

money.
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The dynamic character of the marketplace needs of retail
financial services needs little reiteration. The escallating
cost of doing business in the future, particularly as 1t relates
to operations and personnel, 1s expected to steadily impinge on
bank profitability. Competition changes almost dally, and regu-
latory reforms promise even more dramatic developments. The
Financial 1Institutions Deregulation Act, for example, would
revise Section C(8) of the Bank Holding Act to permit banking
organizations to expand the nature of their insurance and real
estate activities.

The rapid pace of change in telecommunications and informa-
tion technologies, combined with the increased competitive pres-
sures 1in retail financial services, has produced an accelerating
spiral of technological development in commercial banking. In
recent years, this technological development has in turn spurred
a flurry of activity in the finance industry. The number of
service providers of telecommunications and data processing,
ranging from hardware vendors to software houses, 1s too numerous
to reference. Even the basic tasks of understanding current
electronic fund technology and determining a long-range strategy
can be overwhelming to many smaller banking institutions.

The challenges and opportunities 1involve the basic struc-
tures of these organizations. During the next decade, operating
systems must be altered and marketing strategles, products and
services must be repositioned. The technology of electronic data
processing and telecommunications 1s at the cutting edge of this
change. The growing acceptance of various applications of new
technologlies and the predicted movement toward information-based
soclety can be considered both the cause of the change and the
means by which to manage 1t.

Although electronic funds transfer systems have grown

rapidly during the past twelve years, the revolution actually
began in the 1950s. At that time the banking industry sought new
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ways to deal wilth the 1increasing volume of checking transac-
tions. 1In 1954, the first applications of computers were intro-
duced to the business community; the Remington Rand Univac One
and the IBM 650 were launched, heralding the arrival of the com-
puter age in commerclal banking. By 1956, magnetic ink character
recognition (MICR) was chosen by the American Bankers Association
(ABA) as the best machine-readable language for check proces-
8ing. The development of MICR and the electronic data equipment
ot process it set the stage for further innovations.

In the 1960s, the larger banks attempted to apply newly
found computer capabilities to more effectively handle the
swellling volume of paper transactions. This was one of the pri-
mary tasks of the California Special Committee on Paperless
Entries established in 1968. This committee paved the way for
the development of electronically assisted automated clearing
houses (EAACHs). Cathode ray tubes (CRTs) for the visual display
of digital information were introduced in the 1970s. Viewed in
the context of a spiraling evolution, the CRT represented a tech-
nological response to market for a broader information handling
capacity. Coupled with the alpha-numeric keyboard, the CRT pro-
vided a vastly enhanced data entry system, which gradually
replaced punched card input. This step toward remote data entry
was one of the most significant parts of the evolution and virtu-
ally preordalned the development of every remote electronic funds
transfer (EFT) terminal avallable today. The CRT/keyboard was
initially located in a bank's computer room, attached to a six-
foot cable. Today, the same keyboard 1s on automated teller
machines and 1s part of in-home terminals, representing extended
uses of remote data entry. On-line point-of-sale terminals,
supermarket electronic cash registers, and new automatic gas
pumps are all variaitons of this basic concept of data entry and
dissemination.

Table 16-6 gives an abbreviated chronology of the implemen-
tation of assorted technologles in the finance industry.
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TABLE 16-6

CHRONOLOGY OF TECHNOLOGICAL
DEVELOPMENT IN THE FINANCE INDUSTRY

1880-90 HOLLERITH AND POWERS REFINED PUNCH CARD
1920s ELECTRONIC TELLER MACHINES

1954 UNIVAC I AND IBM 650

1959 MICR STANDARDS RELEASED

1960s FIRST TRUE COMPUTER APPLICATION IN BANKS
1968 ACH DEVELOPMENT

1970s CRT/ATM REMOTE ENTRY

1983 ATM SHARING

1983-85 POINT-OF-SALE DEVELOPMENT

1985-90 IN-HOME INFORMATION

The timing of these technological 1nnovations shows that new
technologies are being utilized by the banking industry at an
exponentially 1increasing rate. Another factor that becomes evi-
dent upon analysis of the data is that the time lapse from the
development of the technology to 1its use 1in banking 1s also
decreasing at an exponential rate. Extrapolating the data
suggests that, by the end of this decade, the banking industry
will utilize new technoligies as rapidly as they are developed.
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Technologies for the use of financial 1industry fall 1into
three main categories; 1) hardware, 2) software, and 3)
systems. These are all terms that are normally applied to the
computer 1industry. Hardware refers to computers and supporting
and peripheral equipment and technologies. Software 1includes
operating systems and programming languages from the lowest to
the highest 1levels. Systems 1s perhaps the broadest term; it
refers not only to specific configurations of hardware and soft-
ware but also includes any form of interconnection of these con-
figurations. Thus, private branch exchanges (PBX) are a system
as well as fiber optics or satellite communications. Videotex
and local area networks, in this sense, are other systems.

With the 1increasing rate of advanced technology utilization
by the financial community, 1t can be safely assumed that any
advance in the technology of hardware, software, and systems will
produce changes in the operational structure, products, and ser-
vices of the finance industry. The one element that requires the
most improvement in this 1industry 1s data base management.
Improvements in data base management will, of course, be effected
by 1mprovements 1in hardware, software, and systems. However
incremental improvements 1in these areas do not add linearly to
performance; they are synergistic. The effective sum of all
Improvements 1s much greater than if each improvement were added
apart from the others. Thus, as each technology 1s reviewed,
projections for future performance will generally fall somewhat
short of the actual total system performance improvements, since
all other technologies are concurrently advancing and being
implemented.

Technology and the Future of the Finance Industry

Advances 1n technology will be only a relatively small
driver for improvements in the state of the finance industry in
the immediate future. The most pressing current problem 1s lack

of enlightened management. Without changes 1in management atti-
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tudes and better strateglc planning, the future of the finance
industry 1s unclear and will 1involve constant struggles for
profitability and market share. If, however, management and
organizational structure are improved to the point where they do
not 1impede progress, then predictions can be made concerning
future financilal services and products.

Most of the progress 1in the finance 1industry will be made
possible from 1improvements 1in data base management; these
improvements will result from the use of advanced systems soft-
ware. Advances 1n hardware will make these systems improvements
somewhat simpler, but currently are not the limiting factor in
systems performance IiIn the finance 1industry. System software
improvements willl emerge as banks abandon the patchwork systems
of the present and replace them with fully integrated systems
software packages. These new software packages will be designed
from an 1integrated strateglic plan that encompasses all current
financlal services and those foreseen in the future, such as
expanded funds transfer, automated teller machines, and home
banking services through videotex. All data bases for all
banking departments and functions will become fully interactional
through such an integrated data base management system.

Software technology has not advanced nearly as far as hard-
ware technology. Since software is still an emerging technology,
especially in the finance industry, the costs, performance levels
and management problems involved in implementing functional soft-
ware continue to be high. Assuming a U% compounded annual
increase in both staff and productivity, there will be about a
30% shortfall between the demand for lines of code and code pro-
duction,. This shortfall will grow to be around 50% by the year
2000 if some new techniques are not developed to increase soft-
ware production. Some of the technlques that will be forthcoming
are described below.
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Consolidation will be one such technique. This applies
existing tools to software development projects. Many tools have
been developed which, although not integrated, can provide 1imme-
diate 1improvements. Consolidation will have the most immediate
impact upon software productivity; yielding improvements of 25%
in productivity and up to 50% in quality. Integrated tool sets
evolving from the above will aid and support the software
developer. These newer tools will enable him to be more effi-
cient, yield improvements of 50% to 300% in productivity and up
to 100% in quality.

Revolutionary new software will be developed that will even-
tually write lines of code for the bulk of applications; users,
rather than the programmers, will be required to determine the
design of these software systems. This revolutionary software

strategy will use concepts and principles of artificial intelli-.

gence and will require more years to take effect, but it could
yield improvements of up to 1000% in productivity and two to four
times 1n quality.

Higher level languages will be developed that will increase
the functionality that can be expressed 1in one statement.
Training methods and employee training will improve signifi-
cantly. Rapid prototyping of programs under development will
decrease development time and reduce risks prior to full imple-
mentation. Automation of the production of documentation will
reduce costs and make the user more proficlent and efficient.

Substitution of capital for labor 1is a recurrent theme among
institutions committed to 1improving their electronic banking
systems. Automation of back office clerical work associated with
telecommunication messages and wire transfers will be one of the
ways to accomplish this. Electronic funds transfer (EFT) will
become the dominate banking service objective.
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EFT 1s composed of highly sophisticated electronic systems
that will handle an 1ndividual's personal financial transactions,
such as authorizing settlement of monetary obligations, receiving
payment for services, eating 1in restaurants, or shopping 1n
stores. Businesses of all types as well as the government will
also be encompassed by the broad applications of EFT. Through
EFT techniques, corporate treasurers will be able to freely move
funds more cost effectively to where they may be needed at any
given time, or to temporary short term 1interest generating
accounts. Companles will initiate payment for goods and services
as a by-product or dally business activities.

Within the banks, the costs of tellers 1s raising; whenever
possible they will be replaced by automated teller machines. The
latter have 24-hour availability and, in theory, do not make
mistakes. At the same time banks are facing increasing competi-
tion from brokerage houses and the savings and loan industry in
such areas as cash management accounts. Commercial banks will
attempt to become more competitive by using the electronic route
to the fullest extent possible. A significant developing trend
i1s the provision of more convenience for automated teller machine
customers through shared networks. Some of the benefits shared
automated teller machine networks are:

° The abllity for regional and community banks to offer
services they could not otherwise affort and, thus,
compete with larger banks;

° The competitive advantage of a large base of credit and
debit cards over specilalized, regional cards;

) The possibility of turning a profit from processing

electronic transactions.

These shared services will be made possible by a national
system of networks to which banks and other financial institu-

16-16



tions will subscribe. Although there are elements of national
networks in place now, the future networks will be much faster
and more cost effective through the use of satellite communica-
tions. The capacity of such satellite systems would be such that
only two competing networks will be required to serve the entire
nation.

For the 1individual, there will be two major changes 1in
financial services that will be most apparent and have the
greatest 1mpact on his everyday 1life style. Both will develop
toward the end of the 1980s. They are home banking and debit
cards.

Home banking will grow as the use of personal computers
grows from 10 million in 1984 to 60 million in 1990. Computers
wlll not be bought exclusively for home banking. Proliferation
of other nonfinancial services, such as videotex with the North
American Presentation-Level Protocol Standard, will be the major
attraction. Home banking will be only one of the services avall-
able through this system. However, the use of home banking will
reduce banking costs from $1.20 for a teller transaction to less
than $0.10 per electronic transactions in high volume.

The debit card will form the basis of comprehensive cus-
tomer/institution relationships, serving as the key mechanism for
both financial transactions and other personal conveniences.
After 1990, the debit card will contain a solid state memory and
microprocessor. In short, the debit card willl become a device
for accomplishing multiple functions. As bank communications
networks become multiple application communication systems, the
combination of these developments will produce profound changes
in our soclety, particularly as 1t relates to the payment

mechanlsm.
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Conclusion

The finance industry 1s currently on the threshhold of major
technological advances. The biggest change, from the banker's
standpoint, will be 1in data base mangement, the consumer, on the
other hand, will see 1ncreased use of automated teller machlnes
and the advent of home banking. The finance 1industry 1is
dependent upon advances 1In the computer software industry, and
the difusion of computer hardware for home banking to become
common place.

Government-mandated deregulation has already made substan-
tial impact on the finance 1industry, but further deregulation
will occur causing increased blurring of the difference between,
various types of financial institutions.
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B.17 “TRANSPORTATION SERVICES" (SICs 41, 42, 44 THROUGH 47)

B.17.1 OVERVIEW OF THE TRANSPORTATION INDUSTRY

Total U.S. outlays for all forms of transportation amounted
to $595.1 billion in current dollars in 1981, equivalent to 31.4%
of the U.S. GDP. This expenditure includes both the acquisition
and the operation of transportation means from all sources: pri-
vate, federal, state and local governments. As shown in Figure
17-1, the major contributor to the outlay (52%) 1s private pas-
senger transportation, 97% of which 1is attributable to the acqui-
sition and use of personal automobiles, 3% to the acquisition and
use of private aircraft. Of the total outlay of $595.1 billion,
public expenditures (federal, state, and 1local for airports,
alrways, highways, R&D programs, Urban Mass Transportation)
amounted to $23.4 billion or 3.9%. Of these public expenditures,
73% were 1in support of ground transportation, 16% for air, and
10% for water transportation.

Figure 17-1 shows that total outlays for passenger transpor-
tation represent 61% of the U.S. transportation total; whereas,

outlays for the transportation of goods represent 39%.

The portion of U.S. transportation activities related to
private use, listed by the Bureau of the Census as SIC code 37,
1s described 1in Section B.2, "Transportation Equipment." SIC
subsectors 41, 42, U4 through 47, "Transportation Services,"
representing activities which are for hire, are covered in this

Section.

B.17.2 THE TRANSPORTATION SERVICES INDUSTRIES

The transportation services industry includes establishments
which provide passenger transportation, primarily to the general
public; and freight transportation, primarily to business enter-
prises. The activities of the 1industry's major subsectors are
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Private (Passengers) (52%)

For Hire —
Passenger (9%)

Private and For Hire -
Freight (39%)

Figure 17-1. Percentage of Passenger & Freight
Transportation Outlays by Type of Transport
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outlined in Table 17-1. Note that in terms of economic value,
intercity transportation 1s significantly more important than
local (intracity) carriage.

Figure 17-2 1llustrates the distribution of domestic inter-
city freight traffic by mode of transport. Railroads move the
highest percentage of freight ton-miles among all other transpor-
tation modes. Figure 17-3 1indicates that significant changes
have occurred 1n.passenger transportation since 1950. Railroad
passenger traffic has steadily declined in favor of airlines,
which now exceed all other modes of mass passenger transport. In
1983, air passenger-miles represented 86% of all for-hire passen-

ger travel.

Figure 17-4 shows the relative distribution of frelght car-
ried versus revenue earned for the four modes of transportation.
The ratio, 1i.e., dollars per ton-mile, 1is an 1indicator of the
"value" of the transported merchandise. It can be seen that
rallroads accounted for approximately 36% of all frelght ton-
miles but only 28.2% of all operating revenues. The average
freight revenue per ton-mile for railroads in 1979 was $0.026.
Air carriers only accounted for 0.3% of all ton-miles, but aver-
aged $0.41 per ton-mile. O0il pipelines accounted for 23.6% of
all ton-miles, averaging $0.0094 per ton-mile. Water transporta-
tion accounted for almost 17% of all ton-miles, averaging $0.0090
per ton-mile. Motor carriers freighted the same percentage of
ton-miles as o1l pipelines, but trucking revenue per ton-mile
averaged $0.127. Thus, air and motor carriers transport higher
value merchandise, as measured in revenue per ton-mile then
waterways, o1l pipelines and railroads. The differences 1n
transportation costs reflect differences 1in flexibility and
speed. Motor carriers, air carriers, and railroads are much more
flexible modes of transportation since they are able to 1link a
large number of points with direct line-haul service. Air and
motor carriers offer the two fastest modes of transportation.
Waterways freight 1s the slowest, with typical line-haul speeds

between 3 to 7 miles per hour.
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TABLE 17-1
CLASSIFICATION OF MAJOR SERVICES
OF THE TRANSPORTATION SERVICE GROUP
AND CONTRIBUTION TO TRANSPORTATION OUTLAY

SUBDIVISION AND

SIC CODE TYPICAL SERVICE % CONTRIBUTION
40 RATLROAD TRANSPORTATION 11%
401 RATLROADS
TRANSPORTATION OF BOTH GOODS AND
PASSENGERS.
402 RAILWAY EXPRESS

RAILWAY EXPRESS TRANSPORTATION.

L)) LOCAL AND SUBURBAN TRANSIT AND
HIGHWAY P,

83
m LOCAL AND SUBURBAN TRANSIT

LOCAL BUS, RAILWAY, STREETCAR, SUB-
WAY, TROLLEY, AERIAL TRAMWAYS, AMBU-
LANCE AND SIGHTSEEING BUS SERVICE
AS WELL AS RENTAL OF AUTO, HEARSE,
AND LIMOUSINE RENTAL WITH DRIVERS
AND AMBULANCE SERVICE.

412 TAXICABS
PASSENGER TRANSPORTATION BY AUTO
NOT OPERATED ON REGULAR SCHEDULES
OR BETWEEN FIXED TERMINALS.

43 INTERCITY & RURAL HIGHWAY

INTERCITY, INTERSTATE & INTERURBAN
BUS LINES.

41y PASSENGER TRANSPURTATION
CHARTER SERVICE

LOCAL & LONG DISTANCE BUS CHARTER
SERVICE.

415 SCHOOL _BUSES

TRANSPORTATION OF PUPILS TO AND
FROM SCHOOL.

417 TERMINAL AND SERVICE
FACILITIES FOR MOTORVEHICLE
PASSRIGER TRANSPORTATION

BUS TERMINAL OPERATION AND MAINTE-
NANCE FACILITIES FOR MOTOR VEHICLE
PASSENGER TRANSPORTATION.

42 MOTOR FREIGHT TRANSPORTATION 60%
AND WARBHDUSING

421 TRUCKING, LOCAL, AND LONG
DISTANCE

SHIPMENT OF GOODS WITH OR WITHOUT
STORAGE. INCLUDES: COMMODITIES,
REFUSE, BAGGAGE, FURNITURE, AND
PARCEL DELIVERY.

422 PUBLIC WAREHOUSING

STORAGE OF FARM PRODUCTS, REFRI-
GERATED GOODS, HOUSEHOLD GOODS,
AUTOS, FURS, LUMBER, OIL & PETRO-
LEUM CHEMICALS AND LIQUOR.
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TABLE 17-1 (CONTINUED)

CLASSIFICATION OF MAJOR SERVICES

OF THE TRANSPORTATION SERVICE GROUP

AND CONTRIBUTION TO TRANSPORTA

Y

SIC CODE

423

44

442

w3

444

45

446

5
451

452

SUBDIVISION AND
TYPICAL SERVICE

FREIGHT TRUCKING TERMINALS, WITH
OR WITHOUT MAINTENANCE FACILITIES.

WATER TRANSPORTATION

DEEP SEA FOREIGN
TION

FREIGHT OR PASSENGER TRANSPORTED ON
DEEP SEAS BETWEEN U.S. AND FOREIGN
PORTS.

DEEP SEA DOMESTIC
TRARSHORIRTTON

FREIGHT OR PASSENGER TRANSPORTATION
ON DEEP SEAS TO AND BETWEEN NONCON-
TIGUOUS TERRITORIES, COASTWISE PORTS
AND INTERCOASTAL PORTS.

GREAT LAKES - ST. LAWRENCE
EAAY MARSFKRTATION

TRANSPORTATION OF FREIGHT AND PASSEN-
GER ON GREAT LAKES/ST. LAWRENCE SEA-
WAY BETWEEN U.S. AND CANADIAN PORTS.

TRANSPORTATION ON_RIVERS
s
TRANSPORTATION OP FREIGHT AND PASSEN-
GERS ON ALL INLAND WATERWAYS INCLUD-
ING INTRACOASTAL WATERWAYS.

LOCAL WATER TRANSPORTATION

TRANSPORTATION OF GOODS AND PASSEN-
GERS VIA FERRIES AND LIGHTERAGE.
ALSO INCLUDES TOWING AND TUGBOAT
SERVICE, AIRBOATS, EXCURSION BOATS,
SIGHTSEEING BOATS AND WATER TAXIS.

SERVICES INCIDENTAL T0
WATER TRARSPORTATION

MARINE CARGO HANDLING, CANAL OPERA-
TION, BOAT HIRING, MARINAS, SHIP
CLEANING, AND OIL SPILL CLEAN UP.

TRANSPORTATION BY AIR

AIR TRANSPORTATION

TERTTFICATED CARRTERS

COMPANIES ENGAGED IN THE TRANSPORTA-
TION OF REVENUE PASSENGERS OR IN THE
TRANSPORTATION OF CARGO AND FREIGHT.

AIR TRANSPORTATION.
NONCERTIFICATED CAFRIERS

NONCERTIFICATED CARRIERS WHICH CARRY
PASSENGERS, FREIGHT AND CARGO.

% CONTRIBUTION

5%

11%
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TABLE 17-1 (CONTINUED)

CLASSIFICATION OF MAJOR SERVICES
OF THE TRANSPORTATION SERVICE GROUP
AND CONTRIBUTION TO TRANSPORTATION OUTLAY

SUBDIVISION AND
SIC CODE TYPICAL SERVICE % CONTRIBUTION

458 FIXED FACILITIES AND SERVICES
RELATED TO AIR TRANSPORTATION

INCLUDES AIRPORTS, FLYING FIELDS AND
AIRPORT TERMINAL SERVICES.

146 PIPELIRES, EXCEPT NATURAL GAS 5%
461 PIPELINES, EXCEPT NATURAL GAS

CRUDE AND REFINE PETROLEUM PIPELINES,
COAL PIPELINES, AND SLURRY PIPELINE
(NATURAL GAS IS SIC 4922).

u7 TRANRSPORTATION SERVICES 5%

an FREIGHT FORWARDING

INCLUDES CUSTOMS CLEARANCE OF FREIGHT,
DOMESTIC FORWARDING, FOREIGN FORWARD-
ING, FREIGHT CONSOLIDATION, FREIGHT
FORWARD, AND SHIPPING DOCUMENTS PRE-
PARATION.

u72 ARRANGEMENT OF TRANSPORTATION

AIRLINE, BUS, RAILROAD, AND STEAMSHIP
TICKET OFFICES, ARRANGEMENT AND TOUR-
IST AND TRAVEL AGENCIES FOR THE ARRANGE-
MENT TRANSPORTATION OF PASSENGERS; OF
FREIGHT AND CARGO TRANSPORTATION.

474 RENTAL OF RATLROAD CARS

RENTAL OF RAILROAD CARS WITH OR WITH-
OUT CARE OF LOADING.

478 MISCELLANEOUS SERVICES
INCIDENTIAL TO TRANSPORTATION

INSPECTION AND WEIGHING SERVICES;
PACKING AND CRATING; TOLL BRIDGE,
TOLL ROADS, AND TUNNEL OPERATIONS.

SOURCES: EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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Fuel consumptlion 1s another important consideration. Figure
17-5 shows the average relative fuel efficlency of truck, rail-
road, and water modes of transportation in the U.S. Water trans-
portation 1s clearly superlor to other modes with regard to fuel

efficiency.

Major factors which shippers conslider in choosing a trans-
portation mode 1include characteristics of the commodity to be
transported, length of haul, value per ton, materials handling
methods, time sensitivity, vehicle capacity, and total annual
point-to-point tonnage. Generally, the 1lower the value of a
commodity, the less the time sensitivity 1involved; the greater
the amount of tonnage to be moved, the greater the advantage of

waterway barges as the most efficient form of transportation.

The structure and distribution of the transportation servilce
industry in foreign countries varies significantly from U.S.
domestic conditions. Tables 17-2 and 17-3, as well as Figure 17-
6, compare the U.S. distribution of passenger and frelght ser-
vices with those of Japan and Italy.

Regarding passenger transportation, Japan and Italy trans-
port more passengers via railroads than the U.S. Figure 17-6
indicates that in the U.S. more than 83% of all passenger miles
traveled is by private automobiles. In Japan travel by private
auto exceeds travel by railroad by only 1%. Travel by air is far
more popular in the U.S. than in Japan or Italy. Air transporta-
tion 1s the second highest mode of passenger transportation 1n
the U.S., exceeded only by private autos. Although passenger
travel via railroads in the U.S. accounts for less than 1% of the
total passenger traffic, rallroads accounted for more than 47% of
freight traffic. Air freight transportation 1is negligible in the
U.S., Japan and Italy. Nearly 50% of all freight 1in Japan 1s
transported via water. The differences in transportation among
countries are due to such factors as geographlc location, size of

the country, terrain, and population density.
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TARLE 17-2

PASSENGER KILOMETERS PER CAPITA BY

TYPE OF TRANSPORTATION 1981

PRIVATE DOMESTIC
RAILROAD BUS AUTOMOBILE AIR
U.S. 47.8 117.5 5855.4 992.59
JAPAN 2702.5 929.2 2805.9 264.59
ITALY 803.57 N/A N/A 42.85
SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
OFFICE OF THE PRIME MINISTER, JAPANESE STATISTICAL YEARBOOK
ANNUARIO STATISTICO ITALIANO
TABLE 17-3
PERCENT DISTRIBUTION OF FREIGHT TRAFFIC BY
MODE FOR THE U.S. AND JAPAN 19812
RATLROADS TRUCKS AIR WATER
U.S. 47.9 29.6 0.28 22.1
JAPAN 7.9 42.4 0.07 49.5

& EXCLUDES OIL PIPELINE TRANSPORTATION

SOURCES:

U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

OFFICE OF THE PRIME MINISTER, JAPANESE STATISTICAL
YEARBOOK

ANNUARIO STATISTICO ITALIANO
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Four of the SIC groups associated with transportation ser-
vices have been selected for detailed analysis in order to assess
long-term technology needs:

'Y Railroad Transportation (SIC 4011)--intercity frelight
' Trucking (SIC 421)--intercity freight

° Air Transportation (SIC 451)~-intercity passengers

° Water Transportation (SIC 44)--intercity freight

Intercity transportation 1s considered because it 1is the
most economically significant. Portions of intracity transporta-
tion data are of less certain reliability, because these types of
transportation are not regulated by the Interstate Commerce

Commission.

Rallroad transportation accounted for 11% of total for-hire
transportation outlays in the U.S. 1in 1981. Railroads also ac-
counted for 36% of all freight traffic 1in 1982. Trucking
accounted for 22% of all freight traffic in 1982. The rail and
trucking transportation industries are beginning joint transpor-
tation ventures which will utilize both modes of transportation
and result in increases in both flexibility and time. Because of
the rising number of these Joint ventures, new technological
innovations are emerging within the two industries.

Domestic air transportation accounted for 86% of all for-
hire passenger traffic in 1981. 1In response to the 1increases 1in
passengers, a large number of new technologles are now entering
the air transportation industry 1in order to alleviate delays,
facilitate passenger movement through terminals, increase seating

capacity, lower fuel consumption, etc.
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Water transportation 1s the least expensive mode of freight
transportation, accounting for 16% of all freight traffic, 5% of
the total for-hire transportation outlays, and approximately 7%
of all federal outlays for transportation.

B.17.3 RAILROAD TRANSPORTATION (SIC 40)

Whereas rallroad transportation accounted for 36% of all the
ton-miles transported in 1982, the railroad industry revenues are
lower than the revenues of the other transportation industries
(1.e., airlines, trucking). This 1s because railroad revenues
are derived from lower value bulk commodities, such as coal, farm
products and chemicals. Railroads accounted for only 4.3% of
total revenue passenger-miles in 1982.

The freight rallroad industry suffered during the economic
recession of 1982. By mid 1983 the industry was experlencing a
8low but steady upswing 1in traffic. However, while earnings
showed signs of improvement, the industry continued to lag behind
the U.S. economic recovery.

The historical business profile of the intercity railroad
industry, summarized in Table 17-4, indicates that revenues and
capital expenditures remained at 1972 levels in 1982 when meas-
ured 1In constant 1972 dollars. Table 17-4 also indicates that
revenue ton-miles remained at the same 1972 level, and that the
rate-of-return on net investment declined slightly, from 2.34% in
1972 to 2.11 in 1982 (in 1929, by contrast, it was 5.20%).

The business profile indicates that the railroad transporta-
tion 1ndustry 1s highly 1labor-intensive. Although computer
applications are utilized by the railroads, the majority of rail
operations are carried out by raillroad employees. Labor costs
account for approximately 55% of all railroad operating revenues.
Maintenance of Way and Equlpment Payroll accounts for 35% of the
total payroll.
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TABLE 17-4

BUSINESS PROFILE OF THE

FREIGHT RAILROAD INDUSTRY (SIC 401)

1972 1977 1979 1981 1982 1983 1984 EST.

REVENUES (BILLION $)
" CURRENT $ 13.4  20.1 25.2 30.7 27.5 28.8 33.0

1972 $ 13.4 144 15,4 15.7 13.3
TOTAL. EMPLOYMENT .

(THOUSANDS) 526 502 503 u57 398 346 —
AVERAGE HOURLY EARNINGS

CURRERT 3 4.89 7.39 8.94 10.65 11.50 12.67 —
CAPITAL EXPENDITURES (BILLION $)

CURRENT $ 1.2 2.3 3.3 2.9 2.0 — -_—

1972 $ 1.2 1.6 2.0 1.5 1.0 — —_
RATE OF RETURN ON
TRVESTMERT, 7 2.34 1.24 2.87 3.98 2.11 — —
REVENUE TON-MILES
T (MITLIONS) 800 800 900 900 800 —_— -
FREIGHT REVENUE TON-MILES/
~ EMPLOYEE (MILLIONS) 1.5 1.8 2.0 2.2 2.2 - _—
EMPLOYMENT AND ANNUAL WAGES BY CLASS-1982

AVERAGE NUMBER TOTAL PAYROLL AVERAGE

EMPLOYEE GROUP OF EMPLOYEES (BILLION $) EARNINGS
EXECUTIVE, OFFICIALS 16,865 0.7 $42,004
PROFESSIONAL, CLERICAL 80,044 2.1 26,218

AND GENERAI,
MAINTENANCE OF WAY 72,699 1.8 25,426

AND STRUCTURES
MAINTENANCE OF BEQUIPMENT 75,004 2.0 26,341
TRANSPORTATION 18,010 0.5 28,403
YARDMASTERS 6,961 0.2 28,839
TRAIN AND ENGINE 109,323 3.7 33,000

SERVICE -
TOTAL 378,906 11.0 29,084

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOL/BLS
ASSOCIATION OF AMERICAN RAILROADS:

1983 RAILROAD FACTS
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The structural profile, Table 17-5, indicates that the top
ten Class I raillroads account for 75% of the operating revenues.
These aggregated, for all railroads, to $28 billion 1in 1982.
Coal 1s the leading commodity transported, representing 23.8% of
total freight revenue and 41.3% of total tonnage frelghted.

The railroad industry shows evidence of a secular trend
towards reduction of the number of establishments, both through
abandonment of the business by some railroads and mergers among

the more successful ones which remain.

Number of Railroad Concerns 1925 1955 1983
Class I Line Haul 175 126 32
Other Line Haul 630 310 296
Switching and Terminal Companies 236 207 142

Total 1041 643 k70

This trend 1s qualitatively identical to what has happened among
all other nations beginning in the late 1800s. Elsewhere, the
trend has culminated in nationalization, i.e., centralization of
most or all of the rail establishments within a single, state-

owned enterprise.

Competitive Issues Affecting the Rallroad Industry

For obvious geographical reasons, there is no direct foreign
competition to the U.S. domestic railroad transportation indus-
try. Comparisons with foreign rail industries serve only as
general 1indicators of efficiency, because conditions 1in other
countries vary significantly from those 1in the U.S.

Productivity of the Railroad Industry

Figure 17-7 outlines the output and output per employee hour
for the railroad 1industry from 1954 to 1982. Output for the
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TABLE 17-5

STRUCTURAL PROFILE OF THE
FREIGHT RAILROAD INDUSTRY

CLASS IIT (<$10 MILLION) 270  SOUTHERN PACIFIC
~ UNION PACIFIC
TOTAL 329  NORFOLK AND WESTERN
MISSOURI PACIFIC
SOUTHERN RAILWAY SYSTEM
SEABOARD COAST LINE
LOUISVILLE AND NASHVILLE

= b e e = N N WY
L[] ] . L[]
HMNDOAAN N0 O o

ESTABLLSHMENTS (1983) LEADING CLASS I RAILROADS
OPERATING
REVENUES PERCENT
CLASS I  (>$50 MILLION 33 NAME (BILLION$) OF TOTAL
OPERATING REV.) BURLINGTON NORTHERN - .
CLASS II (BETWEEN $10 & 26 CONRAIL . .
$50 MILLION) - ATKINSON, TOPEKA, SANTA FE . .

-
EEOONOON~ O £
L
NN = & oW O W)

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
ASSOCIATION OF AMERICAN RAILROADS: ANALYSIS OF CLASS I RAILROADS,
1982; 1982 RAILROAD FACTS

TOTAL 19.3 75.4
MATERIALS
LABOR ENERGY MISC. EXPENDITURES CAPITAL
DISTRIBUTION QF
BILLION §, 1982 55.7 1.2 31.3 8.5
COMMODITIES TRANSPORTED
AS A PERCENTAGE OF TOTAL TONS AND TOTAL REVENUES
TONS REVENUE
COAL 1.3 23.8
FARM PRODUCTS 10.5 8.7
CHEMICALS AND ALLIED PRODUCTS 7.2 11.1
NONMETALLIC MINERALS 6.7 3.2
FOOD AND KINDRED PRODUCTS 6.0 9.8
LUMBER AND WOOD PRODUCTS 5.2 4.9
METALLIC ORES 4.9 1.5
STONE, CLAY, AND GLASS PRODUCTS 3.0 3.4
PULP, PAPER, AND ALLIED PRODUCTS 2.9 6.5
PRIMARY METAL PRODUCTS 2.5 3.7
PETROLEUM AND COAL PRODUCTS 2.5 3.3
WASTE AND SCRAP MATERIALS 1.8 1.6
TRANSPORTATION EQUIPMENT 1.5 7.4
TOTAL 96.0 88.9

17-17




I

index 1977 = 100
120

100

80
Output Per Employee Hour

60

40

20 | | 1 l ! 1
1954 1968 1962 1966 1870 1974 1978 1982
Source: Published BLS Data

Figure 17-7. Output For The Railroad Industry

raillroad 1industry as measured by the BLS 1is based on revenue
traffic units.

Output grew at an average annual rate of 2.1% between 1960
and 1975. Between 1960 and 1967 the average annual growth rate
was 3.7%; between 1967 and 1975, it dropped to 1.0%. Between
1976 and 1981 output increased at an average annual rate of 1%.

Output is expected to grow within the railroad industry as a
result of several factors. One factor 1is the advantage railroads
hold over the other modes of transportation 1in terms of the
amount of fuel required to move freight. According to a study by
the National Science Foundation, railroads (and waterways) are
less energy intensive than any other freilght mode except pipe-
lines. Therefore, rises in fuel costs have a minor impact on the
rallroad industry's output. A factor of recently growing impor-
tance derives from the demand for coal as fuel for generating
electricity. While the use of slurry pipelines for the transpor-
tation of coal has proven to be efficient, rallroads have demon-
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strated, in several cases, that they were better able to compete

with pipelines on a cost basis for this commodity.

Productivity 1n the rallroad industry 1increased rapidly
between 1947 and 1975: between 1947 and 1960 it rose at an aver-
age annual rate of 4.3% per year; from 1960 to 1975 it increased
by U4.9% per year. Between 1976 and 1981 productivity rose at an
average annual rate of 3.1%. The factors which contributed to
this Increase 1in productivity were new technology changes as well
as 1increased capital expenditures for modernization. Physical
productivity 1in the U.S. railroad transportation industry, as
measured by ton-mlles/employee, equaled 2.1 million in the U.S.
in 1981, as opposed to 0.36 million for Japan.

The ratio between 1initial cost of goods at origin and the
final cost of goods at destination can give an 1indication of
industry efficiency. The average mine price of coal per ton 1in
1982 equalled $27.25. For the same year the average rail revenue
per ton of coal was $12.04. Rall revenue as a percent of total
delivered value per ton in 1982 thus equaled 30.6%. This indi-
cates the efficlency of the rall industry with regard to coal
transportation.

Research and Development

The R&D activities within the railroad industry have result-
ed In better, safer, and more cost-efficient operations. The
Federal Railroad Administration (FRA) has been a cooperative

partner 1n this railroad research.

In FY 1981 the FRA research budget exceeded $50 million.
However, in 1983 the proposed budget only called for $20 million
In FRA research, with most of 1t concentrating on safety 1issues.
The FRA 1s also discontinulng its operation of the Transportation
Test Center and transferring 1t to the Association of American
Railroads. As a result, the private railroad industry will need
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to assume increased R&D responsibilities in order to maintain
output and productivity growth. The railroad industry spends a
negligible amount on R&D. 1In 1982, Class I railroads spent $15.6
million on R&D, equal to approximately 0.06% of the total reve-

nues.

Technology Changes

Technology changes within the railroad industry are aimed at
increasing freight haul productivity. These technology changes
include motor power developments, increased car capaclty, plggy-
back trafflc, the application of computers, signaling and commu-
nication improvements, and automatic car identification. Table
17-6 outlines the major technological changes in the railroad
industry.

Although rallroads accounted for the highest percentage of
all revenue freight ton-miles in the U.S. 1in 1982, that percent-
age has greatly decreased from 1929 when railroads accounted for
75% of all freight ton-miles. During the same period (1929-1982)
the percentage of trucking and pipeline freight ton-miles 1in-
creased by 19.4 and 19.6 respectively. Furthermore, since coal
accounts for 23.8% of total revenues and 41.3% total tonnage, if
slurry pipelines become a more efficient means of transporting
coal, the railroad transportation picture may become bleak.
Based on past history, 1t appears that the railroad industry 1is
slowly trending toward an unspectacular maintenance of the status
quo towards sunset. It also appears that no major deterioration
ought to occur for the next ten years. There appear to be no
"leapfrog" technologies that would drastically improve the slowly
eroding rallroad 1industry picture. In the foreseeable future,
progress will be achlieved by a serles of relatively minor, inte-
grated technological improvements aimed at increasing automation
(reduction of the large component of labor costs) and speeding up
the time required to move goods. Although rallroads are a cost-
efficient form of frelght transportation (especially for heavy
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TABLE 17-6

MAJOR TECHNOLOGY CHANGES WITHIN
THE RAILROAD TRANSPORTATION INDUSTRY

TECHNOLOGY DESCRIPTION APPROXTMATE ERA OF SIGNIFICANT DIFFUSION

MOTIVE POWER DEVELOPMENTS MORE POWERFUL DIESEL UNITS & 1980 1985 1890 1998 2000
HIGHER TRACTIVE POWER PER
UNIT. (ALL CLASS I LOCOMO-
TIVES ARE DIESELS; APPROX.
2/3 WERE SECOND GENERATION
IN 1975.)

FREIGHT CAR IMPROVEMENTS

® SELF-STEFRING FREIGHT CAR WHEELS PARALLEL
FREIGHT CARS THE RAIL RATHER THAN EACH
OMER. (1,000 IN OPERATION

ON THE CANADIAN NATIONAL
RATLWAYS. STIIL UNDER TEST-
ING IN U.S.)

® A-SHAPED CONTAINER 45 FOOT CONTAINER WITH AN
EXTERIOR SHAPED LIKE THE
BLOCK LETTER "A" THAT CAN
BE STACKED TWO HIGH.

@ ROAD RAILER A BOXCAR WITH RETRACTABLE
FLANGED WHEELS AND RETRACT-
ABLE RUBBER TIRES WHICH EN-
ABLE THE CAR TO BE PULLED
EITHER ON RAIL OR ROADWAY.

PIGGYBACK AND UNIT TRAINS TRAINS COMPRISED OF TRAIL~
ERS OR CONTAINERS LOADED ON
FLAT CARS AND EXPEDITED ON
STRICT SCHEDULES (4 MILLION

TRAILERS & CONTAINERS CAR-
RIED IN 1983).

AUTOMATIC CLASSIFICATION LARGE YARDS IN WHICH CARS

YARDS ARE SORTED AND SWITCHED BY

DESTINATION WITH THE AID OF
COMPUTER (60 MAJOR YARDS
NOW USING SYSTEM).

CENTRALIZED TRAFFIC CENTRAL CONTROL OF TRAIN
CONTROL: (CTC) MOVEMENT OVER STRETCHES OF
TRACK OF 50-100 MILES OR
MORE. (ONE-FIFTH OF ALL MAIN
TRACK NOW OPERATED UNDER

CTC.)
SIGNALING AND
COMMUNICATIONS
® DETECTORS MECHANICAL OR INFRARED DE- N
VICES LOCATE AND REPORT
DANGEROUS CONDITIONS IN
EQUIPMENT ALONG THE RIGHT-
OF-WAY.
® MICROWAVE HIGH-CAPACITY RADIO CARRIFR
WAVE USE TO SUPPLEMENT OR
SUPPLANT WIRE MESSAGE CAR-
RIERS (50,000 ROUTE MILES
IN USE IN 1975).
® AUTOMATIC CAR REFLECTING LABELS PICKED UP
IDENTIFICATION BY TRANSMITTER, DECODED, &
(ACI) SENT TO CENTRAL OPERATIONS
(85% IN USE NOW).
MAINTENANCE OF WAY USE OF SINGLE AND MULTIPUR-
INNOVATIONS (MW) POSE MACHINERY TO AID IN

TRACK LAYING; TIE REPLACE-
MENT AND BALLEST SURFACING
(MULTIPURPOSE MACHINERY USE
INCREASING).

SOURCE: 1.S. DOL/BLS
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materials), a principal factor against the railroad industry 1is
the long transporting time. With truck and railroad combinations
becoming more common, faster and more flexible service 1is
expected. It may also result in the formation of large transpor-

tation conglomerates.

Conclusions

Rallroad transportation 1s an energy efficlent means of
transportation, especially for heavy materials such as coal.
However, the major drawback to railroad transportation 1is the
time required to move goods. Some technologies that may work
towards decreasing a portion of the time required to move goods

via rail are:

° increased automation for the 1loading and unloading of

freight from railroad cars;

) improved rail roadbeds which would allow for a higher
traln speed; and,

° rall and trucking Jjoint ventures which would provide a

faster and more flexible service.

B.17.4 INTERCITY TRUCKING (SIC 42)

Intercity trucking 1s the second largest commodity trans-
porter in the U.S. 1in terms of ton-miles. In 1979, approximately
30% of U.S. intercity revenues for all modes of freight transpor-
tation were attributed to truckers regulated by the Interstate
Commerce Commission (ICC). Combined regulated and non-regulated
trucklng accounted for approximately 68% of the total intercity

frelght revenue.

The U.S. trucking 1industry 1is comprised of approximately
18,000 regulated carrlers. Carriers which are regulated by the
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ICC are those 1intercity trucking carriers involved in interstate
commerce. Intrastate and local trucking activities are not regu-
lated by the ICC but by state and local authorities. Regulated
carrlers are classiflied Into three classes: Class I with reve-
nues over $5 million; Class II with revenues between $1 million
and $5 million; and, Class III with revenues lower than $1 mil-
lion. There are approximately 3,000 Class I and II carriers
operating in the U.S. Carrlers are also classified by type.
General frelght carriers are those which ship less than truck
load (LTL)--each shipment in the truck 1s under 10,000lbs--or
truck load (TL)--shipments 1in the truck weighs 10,000lbs or more-
-for the public on a for-hire basis. Specialized carriers trans-
port commodities, such as 1liquid petroleum, motor vehlcles,
refrigerated products, and household goods, and are available to
the public for-hire. Contract carriers transport mainly special-

1zed commodities and some general freight.

The historical business profile of the intercity trucking
industry 1s summarized in Table 17-7.

Output and Productivity Outlook of Intercity Trucking

From 1960 to 1980, the productivity growth in regulated
Intercity trucking averaged 2.1% annually. For this same period
the growth rate for the total nonfarm business sector was 1.2%
annually. The high growth rate of the trucking industry has been
attributed to the amount of new construction on the interstate
highway system. Future productivity may be beneficlally affected
by regulatory reforms--size, weight, and speed laws--and less

labor-intensive shipments.

The Motor Carrier Act of 1980 would eliminate, by July 1984,
the antitrust immunity for collective ratemaking on frelight car-
ried by one trucking company, as opposed to freight carried by
more than one trucking company. The Act reduced but did not
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TABLE 17-7

BUSINESS PROFILE OF THE

INTERCITY TRUCKING INDUSTRY (SIC 421)

1972 1977 1979 1981 1982 1983
REVENUES (BILLION$)
~ CURRENT 69.0 T4.9 93.5 111 106 113
AVERAGE HDURLY
m, CURRENT $ 4.96 7.23 8.50 10.12 10.43 10.75
TOTAL EMPLOYMENT
(THOUSANDS) 1039 1127 1242 1159 1106 1150

index 1977 = 100

120

100 —

Output Per Employee Hour
80

—_—— ]

80

40

20 1 1 ! 1 1 |
1954 1968 1962 1966 1970 1974 1978

Source: Published BLS Data

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1983-4.
U.S. DOL/BLS

-h
-3 S
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eliminate regulation. It reduced the 1ICC's administrative
authority over entry and exit of firms 1in Intercity trucking.
Before the act went 1into affect, the ICC had control over the
rates which the carrlers set, and the carriers had antitrust
immunity to operate rate-setting bureaus and their established
rates were rarely questioned by the ICC. Under the new act,
however, some collective ratemaking 1s restricted and other rate-
setting practices may no longer have 1immunity after 1984, The
act also eased the ICC's limitations on the commodities which are
hauled by 1ndividual carriers and the routes over which the car-
riers can operate. This regulatory reform measure could improve
the productivity of the regulated trucking industry by encourag-
ing truckers to wutilize equipment more efficiently, and by
encourging the use of several modes of transportation. Further-
more, this regulatory reform should increase competition and,
therefore, result in a greater volume of business for the regu-

lated carriers.

The 1975 1law 1ssued by the federal government, which
increased the maximum allowable weight in response to the lowered
speed 1limits, may affect productivity favorably by reducing truck
maintenance, driver fatigue, and accidents. Laws which increase
the maximum width and length of truck trallers may also increase
productivity by the utilization of fewer trucks to move an equi-
valent amount of freight.

Technology Changes

The diffusion of technological developments in the trucking
Industry was slow in the early 1970s; however, the increase 1in
energy prices In the mid 1970s accelerated the diffusion rate of
these technologiles. Table 17-8 outlines the current major tech-
nological changes 1n the trucking industry. Since the diffusion
of these technological developments has been rapid, corresponding
changes 1n output and productivity are expected to 1ncrease

quickly as well.
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Potential Growth of the Industry

In 1929 trucking accounted for 3.3% of the total revenue
freight ton-miles in the U.S. That percentage increased to 9.7
in 1939, to 16.3 in 1950, to 21.7 in 1960, and to 22.7 in 1982.
While the total revenue freight ton-miles for the trucking indus-
try has reached a plateau, 1its financial situation has been weak-
ening. Thus, revenues for intercity trucking, as measured in
constant 1972 dollars, decreased by 0.5% from 1979 to 1981. In
1982 the 1industry agailn experienced a decrease 1n revenues
amounting to 10%. Although the industry did experience an in-
crease 1n revenues of U.7% from 1982 to 1983, the profit profile
of the 1industry still remains dismal. The declining revenues
within the trucking industry are due to a number of factors:

° High wages for regulated motor carriers;
° Deregulation and the resulting competitive environment;
° Increased gasoline and diesel fuel tax.

As a result, the long-term outlook for trucking may be unfavor-
able.

Wages account for nearly 60% of all operating costs in the
trucking 1industry. The high competitive environment, resulting
from deregulation, may eliminate some of the weaker carriers.
Funds for new equipment are difficult to acquire by the industry,
not only because of high interest rates but also because of the
reluctancy of creditors to make loans to the industry.

The future growth of the trucking industry will depend not
only on regulatory 1ssues and the availibillity of capital expend-
ltures, but on new technological advances as well. These tech-
nological advances are contributed mainly by truck manufacturers

and truck assemblers; however, some of the larger carrier fleets
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contribute to thlis process of implementing technical improve-

ments.

Such new technological developments as electronic monitoring
and control systems would improve efficilency, but only 1if wldely
adopted throughout the 1industry. To allow for widespread diffu-
sion, new' technologies must be inexpensive and highly reliable.
New technological advances, with regard to make and design of
motor vehicles, are discussed in Section B.2. Some of the tech-
nological advances 1in the motor vehicle industry may affect the
trucking service section as well. "Leapfrog" technologies that
would improve the trucking service industry would be technologles
that are aimed at:

) increasing the speed of expediting freight;
) decreasing the time required to deliver goods; and,
e providing more flexible service.

B.17.5 AIR TRANSPORTATION (SIC 45)

The air transportation industry holds the overwhelming share
of 1intercity revenue passenger traffic--87% of all passenger
miles in 1983. From 1978 to 1983 airlines experienced a pas-
senger growth rate of 9% per year. The air transportation indus-
try's revenues (combined revenues from passenger, air cargo and
U.S. mall) for 1983 were $39 billion, which resulted in a com-
blned operating profit of $310 million. The Air Transportation
Assoclation projects that the combined operating profit for 1984
will reach or exceed $1 billion, based on the first quarter of
1984,

The historical business profile of the air transportation
industry 1s summarized 1in Table 17-9. Table 17-10 outlines the

structural profile.
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TABLE 17-9

BUSINESS PROFILE OF THE
AIR S ATT C 451)

1972 1977 1979 1981 1983

11.2 19.9 27.2 36.7 39.0
1972 ¢ 11.2 14,2 16.6 20.5 -

REVENUES (BILLION $)
~ CURRENT $

DOMESTIC

T CURRENT $ 8.7 15.8 21.6 28.8 —_
INTERNATTONAL
T CUORRERT § 2.5 4,1 5.6 6.4 —_

TOTAL FMPLOYMENT
301 308 341 350 330

index 1977 = 100
140

120

100

| | | | | |
o
1964 1968 1982 1966 1970 1974 1978 1982

Source: Published BLS Data

1972 1977 1979 1981 1983
AVERAGE HOURLY RARNING 582 "7.99 “B.82 10.58 10.98

RETURN ON INVESTMENT, % — 10.9 7.0 5.3 5.9
REVENUE PASSENGER MILES

BILLION $ - 193.2 262.0 248.9 281.3
FREIGHT TON MILES - 5.4 5.9 5.6 6.0
NO. OF PASSENGERS (MILLION $)

DOMESTIC 286 318

INTERNATIONAL 21 22

SOURCES: U.S. DOC/BIE: 1984 U.S., INDUSTRIAL OUTLOOK

: U.S, DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
U.S. DOL/BLS
ATR TRANSPORTATION ASSOCIATION: 1984 ANNUAL REPORT OF THE U.S.
SCHEDULFD AIRLINE INDUSTRY
AEROSPACE INDUSTRIES ASSOCIATION OF AMERICA: AEROSPACE FACTS AND
FIGURES, 1983-4
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TABLE 17-10

STRUCTURAL PROFILE OF THE

AIR TRANSPORTATION INDUSTRY (SIC 451)

NUMBER OF AIRLINES

LEADING FIRMS (1983)

NAME DOMESTIC (BILLIONS)
MAJOR (>$1 BILLION REVENUES) 12 UNITED AIRLINES 43,0
NATIONAL (REVENUES BETWEEN EASTERN AIRLINES 37.0
$75 MILLION-$1 BILLION) 15 DELTA AIRLINES 36.8
LARGE REGIONALS AMERICAN AIRLINES 31.4
(BETWEEN $10-$75 MILLION) 20 TRANS WORLD AIRLINES 18.6
MEDIUM REGIONALS REPUBLIC AIRLINES 17.7
(<$10 MILLION) 48 US AIR 16.2
- PAN AMERICAN WORLD ATRWAYS 14,1
TOTAL 95 NORTHWEST AIRLINES 12.7
PIEDMONT AVIATION 11.7
TOTAL 239.2
DOMESTIC INTERNATIONAL
OPERATING EXPENSES OF U.S. CARRIERS OPERATIONS OPERATIONS
1982 ($ BILLION) -
FLYING OPERATIONS 11.5 2.6
MAINTENANCE 2.7 0.5
PASSENGER SERVICE 2.7 0.6
AIRCRAFT AND TRAFFIC SERVICING 4.7 0.9
PROMOTIONS AND SALES 4,2 1.0
DEPRECIATION AND AMORTIZATION 1.9 0.4
OTHER 1.9 0.5
SOURCES: AIR TRANSPORTATION ASSOCIATION: 1984 ANNUAL REPORT OF THE U.S.

SCHEDULED AIRLINE INDUSTRY
AEROSPACE INDUSTRIES ASSOCIATION OF AMERICA:
FIGURES, 1983-4

NUMBER OF
PAYING PASSENGERS

AEROSPACE FACTS AND
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The business profile indicates that revenues increased by
83% from 1972 to 1981 as measured in constant 1972 dollars. The
number of revenue passenger-miles 1increase by 46% from 1977 to
1983, and freight ton-miles increased by 11% during the same
period. Although revenues, passenger-miles, and freight ton-
miles have been increasing, the net profit margin was only 0.8%
for 1983. This is, however, higher than the net operating profit
margins of 1980, 1981, and 1982, which were -0.7%, -1.2%, and
-2.0%, respectively. The reason for the lower than average net
profit margin (the U.S. industry average 1s 5%) 1is rising costs,
Including increased interest expense. Interest expense for the
airline industry was $1.2 billion 1in 1981, $1.4 billion in 1982,
and $1.5 billion in 1983. Strong growth 1s projected for the
airline industry, due 1in part to the deregulation of domestic
frelght and passenger air transportation. Since deregulation 1in
1977 the number of scheduled interstate carriers increased from

36 to 123, as a result of stronger competition and innovation.

The structural profile 1llustrates the leading firms, the
breakdown of airlines in the U.S., and airline operating ex-
penses. Of the ten leading firms, ranked by number of paylng
passengers, only one--Pledmont Aviation--does not exceed revenues
of $1 billion.

Productivity Outlook of the Air Transportation Industry

The overall output of the air transportation industry expe-
rienced an average annual 1increase of 11.5% between 1960 and
1976, as measured by revenue passenger-miles, frelght ton-miles,
express ton-miles, and U.S. and foreign mail ton-miles. Between
1960 and 1966, the annual growth rate averaged 15.4% (see chart
in Table 17-9). After 1966, however, the output declined, reach-
ing low point during the 1974-75 recession, and then rose 10% 1in
1976. As a result, output grew only at an average yearly rate of
6.4% between 1966 and 1976. Between 1976 and 1982 the average
annual growth rate was 4.6%. The future output of the 1industry
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appears promising as well, because of the continuing strong de-
mand for passenger air transportation.

Dollar productivity 1in this 1industry grew at an average
annual rate of 6.5% from 1960 to 1977; the sharpest rise was
between 1960 and 1966 (10%) and the lowest rise was between 1967
and 1979 (4.4%). Compared to the average annual growth rate for
all transportation (2.6%), alr transportation demonstrated strong

productivity. This strong growth rate 1s expected to continue
through the 1980s.

Physical productivity as measured by frelight and passenger
miles per employee was 119.1 in 1979 (1977=100), 110.2 in 1981
and 131.9 in 1982. The drop in 1981 reflects the recessionary
period when passenger miles decreased.

Technology Changes

The air transportation industry has not only been a growing-
demand industry but has adopted several technological innovations
as well. Technological changes within this industry are re-
searched, developed, and implemented by private and public organ-
izations. Current technological developments relate to improving
reliability and fuel efficiency, reducing pollution levels, and
developing sophisticated air control systems. While these tech-
nological developments have tended to be revolutionary in the
past, future developments are expected to be more evolutionary in
nature.

The FAA plays an important role in air transportation tech-
nology by establishing regulatory and operational provisions.
Regulatory provisions include standards for design, performance,
and maintenance of aircraft, alrcraft engines, equipment, and
Instruments, and for certification of aircraft and air personel.
Operational functions 1include the procurement, 1installation,
operation and maintenance of alr traffic control systems, and air

navigation, communication, and surveillance facilities.
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Table 17-11 outlines the current major technological changes
in the alir transportation industry. These technologlcal develop-
ments are primarily aimed at lowering maintenance and fuel costs,

meeting environmental requirements, and improving reliability.

Potential Growth of the Industry

New technological developments 1in the air transportation
Industry are expected not only to lower operating costs, but to
increase productivity. The 1978 Airline Deregulation Act, which
enabled airlines to expand, realign markets and restructure
routes, has produced an increase in traffic. Future technologi-
cal developments, aimed at reducing operating costs (e.g., fuel-
efficient aircrafts), would further contribute to 1industry

growth.

Based on past history, 1t appears that the air transporta-
tion 1industry 1s a "sunrise"™ 1industry. Passenger and freight
traffic miles have been increasing steadily over the past two
decades. "Leapfrog" technologies that would improve or acceler-
ate the 1Industry would be those aimed at efficlent passenger
processing and 1ncreased passenger services. The timeliness of
scheduling, ticketing, and commuting to and from the ailrport, are
areas in which passenger air transportation would benefit from
technological developments. The easier the access to, from and
through airport terminals, the more passengers are 1likely to
utilize air transportation.

Many airports in the U.S. are 1increasing accessibility by
connecting airports with other ground transportation services
(e.g., metros, subways, railways, and bus lines). Furthermore,
advanced customer services, such as volce and data communications
to and from the flying aircraft to land telephone networks, will
also lure passengers to alr travel. Near-term technologies, such
as Type II-all weather landing and the procurement of new genera-
tion air traffic control equipment, will also aid the industry.
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Technologles such as alr traffic control by space navigation
means, projected for use after the year 2000, will also aid the
industry by providing timely arrivals and departures, and may
even increase the number of scheduled flights. With increases 1in
the number of passengers, revenues will increase and costs will
decrease, since airlines would be utilizing all available seat-
ing.

B.17.6 WATER TRANSPORTATION (SIC 44)

The water transportation service subsector, SIC 44, includes
establishments engaged in freight and passenger service transpor-
tation on the open seas and 1inland waters, and establishments
furnishing supporting services, such as lighterage, towing, and
canal operations. The water transportation services industry can
be subdivided into two categories: international and domestilc

water transportation.

International water transportation moves cargo between the
U.S. and foreign countries. Approximately 70% of all U.S. inter-
national trade travels by water with the remainder either moving
by air or by land between contiguous nations. The U.S. 1s a
major shipper and receiver, but U.S. flag ships carry a minority
of the cargo transported between the U.S. and other countries,
and even less between other nations. In 1977 U.S. flag ships
transported only 4.5% of the total U.S. oceanborne international

trade.

Domestic water transportation includes three distinct trans-
portation systems: coastwise transportation, Great Lakes trans-
portation, and 1nland waterways. Coastwise transportation refers
to the movement of cargo along the Atlantic, Gulf, or Pacific
coasts, and 1intercoastal shipping between these coasts. The
Great Lakes transportation includes not only shipping activities
within the Great Lakes, but also in the St. Lawrence Seaway. The

third domestic water transportation system, 1inland waterways,
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consists of the various 1inland and intracoastal waterways, riv-
ers, canals, channels, and other natural and man-made mediums.
The Mississippil River and 1ts tributaries form the largest single
part of the 1inland waterways system. Approximately 54% of all
domestic waterborne commerce 1in the U.S. 1is transported on inter-
nal waterways: 25% 1s coastal traffic, 11% is Great Lakes traf-
fic, and the remaining 10% 1is local waterway traffic.

The water transportation industry has shown a growth in both
domestic and forelgn waterborne commerce since 1960. Domestic
commerce grew at a rate of approximately 1.9% per year between
1960 and 1979; foreign commerce grew at 6.2% annually during the

same period.

The expansion of U.S. waterborne commerce since 1960 has
been facilitated by several technological changes in the indus-
try, see Table 17-12. These changes have had an impact on labor
requirements, the size and cargo capacity of ships, and producti-
vity.

The U.S. Coast Guard (USCG) and the Corps of Engineers (COE)
are primary developers of new technologies orlented toward im-
proving benefits/costs 1in the industry. Several of these new
technologies, however, have not been incorporated or will not be
incorporated until some time 1in the future, because of current
benefit/cost constraints. The COE orients 1its research to the
objective of enhancing and facilitating the volume of traffic;
the USCG towards safety and strategic police functions.

Some of the objectives of principal COE technologies are:

° standardization of 1lock capacities and the 1increased

speed of traversing locks;

° improvement of navigable tracks between locks;
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TABLE 17-12

MAJOR TECHNOLOGY CHANGES IN WATER TRANSPORTATION

TECHNOLOGY

CARGO CONTATNERTZATION

INCREASED CAROO CAPACITY
CENTRALIZED ENGINE
CONTROLS

INCREASED USE OF DIESEL
ENGINES

BOW THRUSTS

TMPROVED MARINE COATINGS

INNOVATIONS ABOARD
GREAT LAKES FREIGHTS

VESSEL TRAFFIC
MANAGEMENT SYSTEM
(VIMS)

SYSTEM (PS)

EXTENDED PMS

LOCK COMMAND AND
CONTROL, SYSTEM

GLOBAL POSITIONING SYSTEM

FOR WATERWAY PILOTS

SOURCE: U.S. DOL/BLS

DESCRIPTION

CARGO IS PACKED INTO 20 (R
50 FOOT CONTAINERS PRIOR

TO BEING LOADED ON A SHIP.
REDUCES CARGO HANDLING TIME,

AN INCREASED CAPACITY FROM
14,000 DEADWEIGHT (DWT) TONS
T0 37,400 DWT.

ALL ENGINE CONTROLS IN ONE
LOCATION. SOME COMPUTERI-
ZATION,

FUEL~EFFICIENT DIESEL
ENGINES.

SMALL PROPELLERS INSTALLED
IN FRONT OF SHIPS TO IN-
CREASE MANEUVERABILITY IN
CONGESTED AREAS.

RESISTS CORROSION AND WEAR
CAUSED BY EXPOSURE,

LARGER SHIPS, AND SFLP-
UNLOADING BQUIPMENT.

ALLOWS FOR COORDINATION OF
TRAFFIC DIRECTED TOWARDS
LOCKS THROUGH THE USE OF
RADAR, COMPUTERS, & RADIO
COMMUNICATIONS.

KEEPS TRACK (F THE PERFOR-
MANCE OF LOCKS, 1.e., SPEED OF
FILLING & EMPTYING, TIME OF
PASSAGE, TYPE OF CONVOY.

UTILIZATION GF A -NATIONAL
NETWORK, INCLUDING 25 COM-
PUTERS ACCESSIBIE T0 AIL
SUBSCRIBING SHIPPERS & LOCK
MANAGERS.

CONSISTS OF VIDED CAMERAS,
SENSORS, & COMPUTER DISPLAYS
TO PERMIT THE LOCK MANAGER
TO OBSERVE AND MODIFY THE
PASSAGES, INCLUDING THE FUNC-
TION OF THE DETAIL SUBSYSTEMS
OF THE LOCKS SUCH AS PUMPS,
DOORS, ETC.

WILL ALLOW CONVOYS TO SELP-
NAVIGATE.

APPROXIMATE ERA OF SIGNIFICANT DIFFUSION

1970

1080

1990

2000

> o o= - o ¢
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° methods and techniques for containment of erosion,

sedimentation, and shoaling;

) dredging technology;

° technologies and techniques to extend the navigable
perlod of time, especially in ice bound areas;

° technologles and technliques for management of traffic.

Output of Water Transportation

Between 1960 and 1979, domestic waterborne commerce 1in the
U.S. experienced an average annual growth rate of 1.9%. Domestic
waterborne commerce accounted for 52% of all commerce, which was
a decrease of 17% from 1960. Commerce in the Great Lakes Regilon
decreased from 155.1 million short tons in 1960 to 142.7 million
short tons in 1978.

Foreign commerce increased at an average annual rate of 6.2%
between 1960 and 1979. 1In 1960 31% of the total U.S. waterborne
commerce was foreign. In 1979 that percentage grew to 48%.
Although the percentage of foreign commerce has 1ncreased, the
percentage of U.S. oceanborne forelgn trade carrlied by U.S. flag
ships has declined. In 1960, 11% of all U.S. oceanborne foreign
trade was carried by U.S. flag ships; in 1980 the amount trans-
ported by U.S. flag ships was less than #4%.

Future Outlook of Water Transportation

Ocean shipping plays an 1lmportant and central role 1in world
economy and trade, since all Iinternational trading of goods 1is
transported by water. In 1979 the world maritime trade 1in goods
reached an all-time high of 3.8 billion metric tons; in 1982,
that figure dropped to 3.2 billion metric tons.
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The U.S. maritime industry has experienced a decline from a
major to a minor role among the larger nations. This may in part
be due to the fact that U.S. maritime policies are outdated and
do not adequately address critical maritime problems of national
concern. An assessment of the U.S. maritime trade and technol-
ogy, by the Office of Technology Assessment (OTA), indicates that
major new or revised federal policies are needed 1f the U.S.
maritime industrlies are to remain strong in the future.

The OTA analysis also suggests that there 1s a need for
maritime research and development. At the present time there 1is
no clear policy regarding the federal role in maritime R&D. The
R&D program now under the authority of the Maritime
Administration gives 1little attention to the impact of maritime
R&D. OTA suggests that a congressionally defined federal role in
future maritime R&D be established, which would include the fol-
lowing provisions:

® identify maritime R&D objectives;

® determine what R&D would be best carried out within the
U.S. maritime 1industry and formulate 1indirect incen-
tives for industry R&D;

[ stimulate the transfer and coordination of technology
from military, foreign, and other sources, and from
within the 1industry;

° focus on high-risk areas and long-range problems that
are not addressed adequately either within the 1ndustry
or elsewhere;

° contribute to natlonal goals.

The present condition of the U.S. shipping industry may be
defined as nonprofitable. It 1s neither sunrise nor sunset.
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Flag 1liner operators as a whole showed a loss for the first
quarter of 1983. Some of the smaller companies, which are not
well-capitalized, are 1left in a difficult financlal position.
The larger companies are, however, expanding their services by

modernizing thelr fleets.

A long-term world trade assessment developed by OTA indi-
cates that U.S. trade volume will increase throughout the 1990s,
but at slower rates than in the past. Because of these slower
projected trade growth rates, U.S. carriers will need increased
service efficlency and capability in order to compete with the
rapidly growing foreign-flag fleets for the 1limited available

cargo.
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B.18 "COMMUNICATION SERVICES" (SIC 48)

The ultimate purpose of communications 1is to provide ¢the
transfer of information between individuals, directly or through
the intermedlary of mechanical, electrical or electronic machin-

ery.

Table 18-1 recapitulates the evolution of the major communil-
cations media in the U.S. It can be seen that this evolution has
proceeded 1in conjunction with three technologiles: the conven-
tional, or classical (mail, books, newsprint); the electrical
(telegraph and telephones, beginning 1in the latter half of the
19th century); and the electronic (radio and TV, beginning circa
1925).

In the SIC categorization, the transfer of information by
conventional mail 1s included in subsector SIC 4311; by printed
media (e.g., newsprint, books), in subsector SIC 27. Subsector
SIC 48, Communication Services, comprises four subdivisions:

Telephone Communications (SIC 481),

Telegraph Communications (SIC 482),

Radlo and Television Broadcasting (SIC 483), and
Other Communication Services (SIC 489).

Table 18-2 shows the major services provided by each subdi-
vision. The subsector as a whole accounted for approximately
3.3% of the U.S. GNP 1in 1982. By the end of the decade, this
percentage 1s forecasted by some to reach 5% of GNP, following
the anticipated increased use of telecommunications services.

The largest subdivision, Telephone Communications (SIC 481),
has been selected for further analysis.
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TABLE 18-2

CLASSIFICATION OF MAJOR SERVICES OF

THE COMMUNICATION SERVICES INDUSTR

S

48)

SUBDIVISION DESIGNATION
AND TYPICAL PRODUCTS

TELEHONE CABLE SERVICE (LAND OR SUBMARINE)
AND TELEPHONE (WIRE, RADIO OR SATELLITES).
INCLUDES MARINE, MOBILE, AND AERONAUTICAL
SERVICES WHICH PLACE PARTIES IN VOCAL
COMMUNICATION WITH EACH OTHER. PAGING
AND TELEPHONE ANSWERING SFRVICES ARE

RADIO AND TELEVISION BROADCASTING

RADIO BROADCASTING STATIONS, SUBSCRIPTION
OR CLOSED CIRCUIT TELEVISION, TELEVISION
BROADCASTING STATIONS, TELEVISION

CABLEVISION SERVICE, MISSILE TRACKING
STATIONS, PHOTOTRANSMISSION SERVICES,

RADAR STATION OPERATION, TELECOMMUNICATIONS,

RADIO TELEGRAPH, TELEGRAPH CABLE SERVICE
(LAND OR SUBMARINE), TELEGRAPH (WIRE,

SIC CODE

481 TELEPHONE COMMUNICATIONS
CLASSIFIED IN SIC 73.

483
TRANSLATOR STATIONS.

489 COMMUNICATION smvnmﬁ
TRANSRADIO PRESS SERVICE.

482 TELRGRAPH COMMUNICATION
RADIO, SATELLITE).

SOURCE:

EPO/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

% TOTAL REVENUES

80.5

14.5

3.7

1.3
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B.18.1 TELEPHONE COMMUNICATIONS (SIC 481)

Since 1ts beginning in 1876, the U.S. telephone system has
grown to be the largest and the best in the world.

Three principal standards of telephone performance are:
number of telephones per capita, quality of service and cost per
message. Table 18-3 shows the number and per capita distribution
of the world's telephones. Note that the U.S. holds more than
one-third of all the world's phones. With the divestiture of
AT&T, that number may 1increase to almost half of the world's
phones, since consumers will not be charged for additional phones
and will be able to purchase inexpensive imported phones.

"Quality of service" 1s measured as the percentage of calls
which cannot be successfully completed for any reason other than
the party being called 1s busy--i.e., blockage, excess noise,
dropout, other causes. Table 18-4 shows the average calls per

line nonresponse for selected countries.

Table 18-5 shows typical costs of long-distance domestic and
international calls expressed in 1982 dollars. U.S. interna-
tional toll rates are significantly less expensive when compared
with those of selected foreign countries. A prime time call from
the U.S. to Europe costs currently (1984) around $1.00 per min-
ute; from Italy to the U.S. 1t costs $1.80 per minute; from
France to the U.S. it costs $1.63 per minute. Telephone service
has generally become more efficient, more convenient, and less
expensive. With the addition of direct international calling,
international telegraph message service may begin to decrease.

The business and structural profiles of the telephone indus-
try are outlined in Tables 18-6 and 18-7. The business profile
indicates that domestic operating revenues (as measured in con-
stant 1972 dollars) have more than doubled from 1972 to 1983.
International operating revenues tripled and the number of tele-
phones 1n use increased by 54% during the same period.
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TABLE 18-3

TELEPHONE USAGE FOR SELECTED COUNTRIES

NUMBER IN USE PER 100 PERCENT OF
COUNTRY (MILLION) POPULATION WORLD TELEPHONES
U.S. 180.4 78.8 35.5
SWEDEN 6.6 79.6 1.3
SWITZERLAND 4.6 72.7 0.9
CANADA 16.5 68.6 3.2
U.K. 26.6 47.7 5.2
F.R. GERMANY 28.5 b6.4 5.6
JAPAN 53.6 46.0 10.6
FRANCE 24.6 45.9 4.9
ITALY 19.2 33.7 3.8
REST OF THE WORLD 147.6 3.6 29.0

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

TABLE 18-4

QUALITY OF SERVICE FOR SELECTED COUNTRIES

CALLS PER LINE NONRESPONSE

RATTIO
COUNTRY STANDARD WORST AVERAGE AVERAGE
u.s. 200 50 100 1
ITALY 370 4 28
F.R. GERMANY 7 TO 10 12
FRANCE 4705 22
JAPAN 20 TO 50
CANADA 50 TO 200
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TABLE 18-6

BUSINESS PROFILE OF THE TELEPHONE

AND TELEGRAPH SERVICES INDUSTRY (SICs 481 AND 482)

OPERATING REVENUES BILLIONS

® DOMESTIC
CURRENT $
1972 $
® INTERNATIONAL
~— CURRENT §
1972 $

TOTAL FEMPLOYMENT

NO. QOF TELEPHONES
(MILLIONS)

CAPITAL EXPENDITURES
(BILLION 1972 $)

GROSS CUMULATIVE

PLANT INVESTMENT (BILLIONS)

CURRENT $
1972 $

1972 1977 1979 1981 1983 1984 EST.
5.8 44,1 s54.8 70.8 86.9 95.8
25.8 38.2 149.0 53.7 59.5 62.5
0.7 1.3 1.9 2.2 2.5 2.9
0.7 0.9 1.2 1.1 1.2 1.
1002 975 1070 1095 1100 1120
132.0 162.0 175.2 181.9 189.0  203.2
10.5 14.7 20.2 23.3  21.1 N/A
84.4 131.2 155.2 155.2 186.8  216.9
84.4  93.7 94.9  79.5 N/A N/A

SOURCES:  U.S. DOC/BIE:
U.S. DOL/BLS

1984 U.S. INDUSTRIAL OUTLOOK
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TABLE 18-7

STRUCTURAL PROFILE OF THE
TELEPHONE AND TELEGRAPH SERVICES (SICs 481 AND 482)

LEADING FIRMS (INDEPENDENT) LEADING FIRMS (BELL AFFILIATES)
NAME REVENUES 1984 EST. NAME REVENUES 1984 EST.
(BILLION $) (BILLION $)

GTE CORP 9.2 AMER. TELE. 33.3
MCI COMMUNICATIONS 2.4 NYNEX CORP. 9.8
CONTINENTAL TELECOM 2.3 BELL SOUTH CORP. 9.5
UNITED TELECOMMUNICATIONS 2.2 AMER. INFO. TECH. 8.4

BELL ATLANTIC 8.3
TOTAL NUMBER OF INDEPENDENT
TELEPHDNE COMPANIES, 1982 1432

AVERAGE DAILY

‘CONVERSATIONS (1,000) 1880 1900 1920 1940 1960 1970 1980

@ [LOCAL

237 7,689 50,207 95,625 273,322 458,400 707,000

@ LONG DISTANCE 2 193 1,607 3,158 12,064 26,800 70,000

® INTERNATIONAL -

9 64 546

NO. OF TELEGRAPH

MESSAGES HANDLED (1,000)
® DOMESTIC 55,879 63,168 155,8811 191,645 124,319 69,679 55,000
® INTERNATIONAL — 4,387 16,619 22,578 28,278 32,241 20,000
NO. OF TELEPHDNES
PER 1,000 POPULATION 1.1 17.6 123.4 165.1 407.8 583.4 790
RETURN (N
TNVESTMENT, % 1950 1955 1960 1965 1970 1975 1979 1981
® TELEPHONE 6.1 6.6 7.3 7.3 7.1 7.6 8.5 9.0

® DOMESTIC TELEGRAPH 5.1 7.6 5.0 5.6 5.0 6.1 5.5 7.
® OVERSEAS TELEGRAPH 7.3 5.8 7.2 11.0 10.6 12.0 17.9 12.5

SOURCES: U.S. DOC/BOC: HISTORICAL STATISTICS OF THE UNITED STATES COLONIAL

TIMES TO 1970

VALUE-LINE INVESTMENT SURVEY, 1984
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The divestiture of American Telephone and Telegraph (AT&T)
on January 1, 1984 resulted in the formation of seven companies
to assume ownership of the 22 divested Bell Operating Companies.
AT&T now consists of Western Electric Company, Bell Laboratories,
AT&T Communications (intrastate, interstate and international
long distance), AT&T International (overseas sales), and AT&T
Information Systems. These seven regional companies will provide
methods and systems for network planning, local exchange service,
access to long distance networks of interchange carriers, and
other telecommunication services (e.g., cellular radio mobile
service and printed directory services). AT&T will continue to
operate the 1long distance interstate exchange network and con-
tinue to own customer premises equipment. 1In addition, AT&T will

undertake business ventures 1in evolving information markets.

The divesture of AT&T 1is not the only structural change that
has or will be taking place in the telephone communications ser-
vice industry. Many companies are expanding their operations to
include fiber optics, satellite services, cellular radio, digital
electronic mail systems, and other data communications, in order
to accommodate the rapidly changing technological and competitive

environment.

Productivity in Telephone Communications

Productivity for the telephone communications industry,
measured 1in terms of operating revenues per employee hour, grew
at an average annual rate of 5.5% between 1960 and 1977. This
productivity growth can be attributed to the introduction of new
advanced technologies, which have reduced labor requirements in
the industry.

Physical productivity for the telephone services 1industry,
measured 1n terms of the total number of messages per total num-
ber of employees, 1s outlined in Table 18-8. Physical producti-
vity for this 1industry 1s shown to have increased slgnificantly
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since 1876. A slight decline 1in productivity emerged between
1980 and 1982.

TABLE 18-8

PHYSICAL PRODUCTIVITY FOR THE
TELEPHONE SERVICES INDUSTRY

(NUMBER OF MESSAGES PER YEAR/NUMBER OF EMPLOYEES PER YEAR)

YEAR PRODUCTIVITY
1880 10.68
1890 19.49
1900 27.81
1925 31.42
1940 46.99
1950 42.71
1970 82.21
1975 100.00
1980 112.72
1982 112.03
INDEX: 1975 = 100.00

Role of Technology in Long-Term Strategic Outlook

The U.S. telephone communications industry has historically
been active and still holds a dominant position in U.S. techno-
logical development. The technology of the telephone has dras-
tically changed since 1its commercialization in 1877; the basic
principle of telephone transmission has been modified.

In 1983, there were approximately 189 million telephones 1in
use 1in the U.S.; 1in 1981, 97% of all U.S. households had tele-
phone service. On the average there are currently two telephones
per household in the U.S., a number that 1is expected to 1ncrease
following the recent divestiture of AT&T. Even 1f purchases of
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conventional telephones reach a saturation point, new technolog-
ical changes will encourage consumers to purchase new telephone
sets with added features and capabilities.

Continuing development of innovative technologies will lead
to further expansion 1in the telephone communications services
industry: for example, computer communications. Semiconductor
companies are beginning to combine their technologies through
cooperative agreements, Jjoint ventures, 1licensing and invest-
ments. These assoclations promote a highly competitive environ-
ment and may contribute to the maintenance of the U.S. leadership
in the world community. Additional technological advances
Include digital switches, satellite communications, fiber optics,
and cellular telephones. The changeover to digital switching
will provide greater flexibility and a wider range of services
for the user. Table 18-9 outlines the communications service

technologies and their principal service impact.

Satellite communications, which were 1nitiated over two
decades ago, have become a primary agent of growth in the U.S.
telecommunications industry. A phenomenal growth in the use of
communication satellites has occurred since the 1launch of the
first commercial satellite, Early Bird, in April 1966. 1In barely
15 years, the worldwide commercial INTELSAT system has progressed
through six generations of increasingly higher capacity satel-
lites to keep pace with the growing traffic demand. In 1983,
INTELSAT's space segment consisted of 18 satellites providing
communications to over 600 Earth stations spread over many
nations. Some 30,000 voice circuilts are in full-time use 1n the
INTELSAT system today. By 1987, a single INTELSAT VI satellite
will have a capacity of 33,000 voice clrcuits--a significant
improvement over the 140 volce circuits provided by Early Bird in
1966. The INTELSAT VI series will ralse the cumulative INTELSAT
purchases~satellites plus launches--to almost $3 billion in cur-
rent dollars. Satellite communications are now responsible for

60% of the world's intercontinental telecommunications; the U.S.
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TABLE 18-9

COMMUNICATION SERVICE TECHNOLOGIES

TECHNOLOGY

COMMUNICATTIONS

MDBILE SATELLITE
COMMOUNICATIONS

FIBER OPTICS

MOBILE

ELECTRONIC

DESCRIPTION

USE OF SATELLITES
TO TRANSMIT VOICE,
VIDED, & DATA BOTH
INTER & INTRA CON-
TINENTALLY .

RELAYS MOBILE COM-
MUNICATIONS FOR
RURAL AREAS.

DIRECT TRANSMISSION
FROM SATELLITE TO
HOME.

TRANSMISSION OF
VOICE, VIDEO & DATA
LIGHT WAVES VIA
SILICA OR GLASS
FIBER.

ALLOWS FOR
PREQUENCY REUSE
IN SERVICE ARFA
THROUGH LOW POWER
ANTENNAS COVERING
CELLS AS SMALL AS
1 MILE IN DIAMETER.

BATTERY POWERED PORT-
ABLE CORDLESS TELE~

SOURCE: U.S. DOL/BLS

PRINCIPAL IMPACT

@ PROVIDES AN
ALTERNATIVE TO
UNDERSEA CABLES,

® COLOR TV TRANSMISSION

ON A LEASED PRIVATE
LINE BASIS.

@ RADIO TELEPHONE.
® DISPATCH,
@ PAGING.

o COLOR TV
TRANSMISSION.

@ WIDE BANDWIDTH WILL

ALLOW THE FOLLOWING
SERVICES:
- FULL MOTION VIDED
— TELECONFERENCING
— METER READING

ELECTRONIC MAIL

VIDEOTEST

[ I A |

DIRECTORIES.

@ MOBILE TELEPHONE
SERVICE.,

® PROVIDES THE USER
TO TAKE OR MAKE
CALLS PROM UP TO
700 FEET FROM THE
BASE STATION.

@ PROVIDES ADVANCED

DIALING CAPABILITIES

- CALL FORWARDNG
- SPEED CALLING
— CALL SWITCHING
— THREEWAY CALLING.

APPROXTMATE ERA OF SIGNIFICANT DIFFUSION

TELETEXT
ELECTRONIC TELEPHONE

1970

1980

1960

20

00
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domestic satellite market 1is experlencing a compounded annual
growth rate of approximately 35%.

The demand for satellite communications is increasing world-
wide, with the Western Hemisphere, principally the U.S., generat-
ing the bulk of the traffic. The early 1980s has witnessed an
explosion in U.S. domestic satellite communications (DOMSAT) for
commercial voice/data and television distribution from space.
More than 40 U.S. DOMSATS will be in orbit by 1987, with the
total cumulative 1investment approaching $3 billion. The space-
craft purchases for domestic applications started seven years
later than those of INTELSAT, but the cumulative sales are
expected to exceed those of INTELSAT by the mid 1980s. In future
years, the DOMSAT market promises to grow much more rapidly than
the INTELSAT market.

Direct broadcast satellites (DBS) are the most recent appli-
cations of the rapidly growing DOMSAT business in the U.S. and
Canada. The Federal Communications Commission (FCC) has granted
petitions to eight DBS applicants for television distribution to
recelve-only earth stations in the U.S. In a related action, in
1983 the FCC authorized the construction and launch of 19 addi-
tional DOMSATs to Join the 20 satellites then serving the U.S.
and Canada.

Domestic satellite communications appear to be heading
towards a saturation phase, resulting from orbital crowding and
other factors. A slgnificant reversal of this saturation trend
would be derived from the technology of fiber optics transmis-
slon. Fiber optic systems have several advantages over copper
cable. The 1informatlon-carrying capacity (bandwidth) of fiber
cable 1s much higher than copper cable and, as a result, can
carry large amounts of data. A single optical fiber 0.005mm in
dlameter can theoretically carry 500 million simultaneous tele-
phone conversations. While only 2000 simultaneous telephone

calls have been carried thus far on one fiber, this is still
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significantly greater than the 32 conversations that a pair of
copper wires can handle. Another advantage of fiber optics 1is
that signals fade far less rapidly than with copper wires. Metal
cables require repeaters to boost signals every 2km; in optical
fibers they are needed every 10-20km. The advantages of the
fiber optic technology are outlined in Table 18-10.

Table 18-11 compares the costs of fiber optic cable with
copper cable costs. These flgures are estimates that are af-
fected by such factors as transmission distances, the abllity to
place cable 1n existing trays, etc. Because of the rapid drop-
ping of fiber costs, 1t 1s becoming more economical to install
fiber cable than copper cable. South Central Bell Telephone Co.
began offering fiber optic lines to large business customers in
September of 1984. Their small basic fiber optics system, which
offers 1.5 megabyte service, will cost $1,085 per month. For
businesses with 1,000 or more telephone 1lines this would be a
savings relative to what the costs are for standard copper wire

service.

In 1982, approximately 170,000 kilometers of optical wave-
gulde were installed worldwide; that number increased to about
270,000 in 1983. It 1is projected that the U.S. fiber optics
market‘will reach $400 million in 1984, Approximately 58% of the
market 1is estimated to go to telecommunications, 22% to the mili-

tary, 16% to computer interconnect, and 4% to video.

The present capacity of the U.S. fiber optic network is not
beilng fully exploited. The network between New York and
Washington, D.C., for example, 1is operating at approximately 30%
of capacity.

The divestiture of AT&T, however, 1s expected to encourage
other common carriers in the U.S. to 1install fiber optic net-
works. In addition, AT&T 1is planning to install 16,000 route km
of fiber optic systems as a basis for a nationwide fiber optilcs
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TABLE 18-10

ADVANTAGES OF LOW-LOSS OPTICAL WAVEGUIDE

LOW LOSS

LARGE BANDWIDTH

SMALL SIZE
LOW WEIGHT
FLEXTBILITY
RADIATION RESISTANCE

IMMUNITY TO EMI AND EMP

DIFFICULT TO TAP
DIELECTRIC

SOURCE:

WIRE JOURNAL INTERNATIONAL

BENEFTTS

INFREQUENT REPEATER
LOW COST PER CHANNEL
EXPANSION CAPABILITY
HIGH INFORMATION RATES
SPACE SAVINGS

WEIGHT SAVINGS

EASE OF INSTALLATION
SURVIVABILITY

RELIABILITY
SHIELDING COST

SECURITY
ELECTRICAL ISOLATION

SAFETY FROM CROSSTALK
SAVINGS OF COPPER
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TABLE 18-11

POINT-TO-POINT COST AND PERFORMANCE COMPARISONS FOR

REPRESENTATIVE METALLIC AND FIBER OPTIC CABLE ALTERNATIVES

e MAX DISTANCE -
(MILES)

SOURCE: INTECH, MARCH 1984

COST TELEPHONE TWISTED

ELEMENT NETWORK PAIR

e INTERFACE $1000 $500
(EACH)

e INTERFACE $50 $50
INSTALLATION
(EACH)

e CHANNEL $50/MONTH $50/FT

e CABLE -— $1-10
INSTALLATION
(PER FOOT)

TELEPHONE

_PERFORMANCE

e MAX BIT RATE 0.5K 9.6K
(BAUD)

COAX

$1500

$100

$75/FT
$3-10

M

LO-SPEED
FIBER

$200

$50

$1/FT
$1

100K

0.6

HI-SPEED

FIBER LINK

$850

$200

$1/FT
$1

20M
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network. Moreover, AT&T has been contracted to 1install 3,146
nautical miles of fiber optic cables as a foundation for the
first transatlantic fiber optic system. The U.K. and France will
be contributing 279 and 167 miles respectively to a transatlantic
fiber optic system.

AT&T 1is also planning to builld a fiber optics system which
would connect Hawaii with the continental U.S. By connecting
that system with the Japanese system, a U.S./Japanese fiber optic
hook-up could be completed by 1988.

A fiber optic cable is being developed with new applications
that will transmit not only voice but video and data as well.
Another relatively new application of fiber optics 1is the 1linking
of ground offlces to earth stations. The use of fiber optliecs to
link personal computers in the work place 1s 1ncreasing as well,
because of their immunity from electromagnetic and radio fre-
quency interference.

The use of fiber optics 1s also expected to grow 1n the
video market; the first digital television system was installed
in the U.S. in 1984, Fiber optics have the bandwidths required
to operate a digital television.

Finally, fiber optics may play a role 1in the development of
teletext and videotex systems. Teletext uses one-on-one communi-
cation channels to transmit data into a continuous cycle. It
broadcasts pages of information directly to television receivers
on unused portions of standard TV broadcast channels or cable
television systems. A subscriber selects the desired display by
using a decoder; merchandise can be selected, reservations
secured, and other transactions completed which would be other-
wise carried out by mall or telephone.

Videotex 1s a two-way communications system which 1inks

large databases to elther terminals or microcomputers by tele-
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phone or cable 1lines. Videotex can retrieve information stored
in a remote computer and display it on a monitor or television 1in
color or black and white. This information may be displayed as
words, numbers, graphs, or pictures with limited animation.

The number of worldwide videotex and teletext users in 1982
i1s outlined in Table 18-12. Videotex and teletext are not as
popular in the U.S. as they are in forelgn countries. It appears
that the extent of implementation in the U.S. during the 1980s
will depend not only upon customer acceptance, but also on the
U.S. regulatory framework. It is projected that by 1987, approx-
imately 5% of U.S. homes will have operatlonal two-way systems
which would include information retrieval, electronic messages,
data processing, and telemonitoring (remote sensing of fire and
intruders, and energy management controls).

France has been experimenting with electronic telephone
directory service. Terminals were given to residents which en-
abled them to access both videotex bases and telephone directory
information. Telephone companies 1in many countries are writing
for the results of this project. If the results indicate that
the electronic directories are acceptable to telephone subscrib-
ers, paper directories will probably be replaced by electronic
directories. Market research suggests that 1if the change fron
paper to electronic directories does occur, consumers will not be
additionally charged for the service.

While videotex systems are commerclally available 1in the
U.S. at present, new technology developments 1in this area are
expected to 1include improved transmission speed, graphlc resolu-
tlon, hard copy, speech music and full motion video. This future
insurgence of videotex systems will dramatically change the com-
munications field by creating a scenario 1in which a computer
terminal or a microcomputer 1is accessible to every U.S. house-
hold.
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TABLE 18-12

WORLDWIDE VIDEOTEX AND TELETEXT USER BASES

AS OF SEPTEMBER 19

REGION

NORTH AMERICA

LATIN AMERICA

EUROPE

AFRICA

FAR EAST

COUNTRY

U.S.
CANADA

BRAZIL
VENEZUELA

U.X.
GREECE
F.R. GERMANY
AUSTRTA
FRANCE
THE NETHERLANDS
ITALY
SWEDEN
FINLAND
SPAIN
DENMARK
SWITZERLAND
NORWAY
BELGIUM

SOUTH AFRICA
JAPAN
HONG KONG
AUSTRALIA
SINGAPORE

TOTAL

SOURCE: U.S. DOC/BIE:

VIDBOTEX

—USERS

2,475
2,945

1,500
35

8,500
7,764
6,000
5,768
4,700
1,000
550
450
400
300
150
100

500
3,500

2,500
10

67,822

1983 U.S. INDUSTRIAL OUTLOOK

450,000
150,000
120,000
1,500
170,000
100,000
20,000

1,000
10,000
300
20,150

1,500

1,045,200
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Another area of technological advancement in the communica-
tions service industry 1s cellular telephone service. The evolu-
tion of cellular telephone service began as an outgrowth of the
Improved Moblle Telephone Service (IMTS), which was established
in 1964 to eliminate operator intervention in mobile telephone
calls. The IMTS operates on 33 frequency channels operated from
large master antennas. Frequencies used 1in one city cannot be
used in a nearby city because of interference risks. Long radio
links are vulnerable to noise because an IMTS antenna only covers
an area of 50 miles in diameter. IMTS also implements multi-
channel trunking which allows each user to search and access
several two-way channels 1n order to find one avallable for cal-
ling. Current cellular systems operate on 666 frequency chan-

nels.

Cellular telephones differ from the IMTS service in that the
cellular systems advance the multi-channel trunking by utilizing
a computer to automatically search for open channels to place a
user's call. Another area where the cellular telephone differs
is 1in 1ts ability to utilize frequency reuse 1in each service
area. This 1s possible because low power transmitters and re-
celvers are used to divide an area into cells. A set of channel
frequencies 1s assigned to each cell, and each cell 1is arranged
in such a way that neighboring cells are using different sets.
As a result of this type of arrangement, different conversations
over the same frequencles, in areas only several miles apart, are

possible.

It 1s estimated that approximately 100 cities 1in the U.S.
will be offering cellular radio-telephone service by 1985. With
this 1increased availabillity of cellular telephone service, the
number of cellular telephone subscribers 1s also projected to
Increase through 1990, as 1llustrated in Figure 18-1.

Figure 18-2 shows that by 1988 the U.S. will have the larg-
est share of the cellular telephone market. This surge will be
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Figure 18-1. Anticipated Cellular Use in the U.S.
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the result of adequate government regulations and- the wide-open
competitive market 1in the U.S.

The frequency allocations and the equipment architectures of
the cellular phone systems at present limit maximum capacity to
between 5 and 10 million U.S. users. At the present time there
are about 85 million telephone lines installed in the U.S.

A relatively new technology 1in the communication service
Industry 1s the use of electronic switching systems, which are
nearly maintenance-free since they contain no moving parts.
These systems offer far more speed and reliability than the older
switching systems and provide new customer calling services.
They have been available 1in some areas since 1978, but many are
being replaced by second and third generations systems, which are
time-division digital switches.

Electronic switching systems provide the following customer
calling services: call waiting, three-way calling, call forward-
ing, and speed calling. Call walting service allows a customer
to answer a second incoming call while using a telephone. If a
second party calls, the customer will hear a brief tone signal,
while the 1incoming caller only hears the usual ringing signal.
In order to end the first call or hold the first call while
answering the second call, the customer merely presses the tele-
phone's switchhook and 1s then connected with the incoming cal-
ler. Three-way calling service allows the customer to add a
third person to the conversation. Call forwarding allows the
customer to transfer incoming calls automatically to any other
telephone 1in the continental U.S. that can be dialed without
operator assistance. In some areas, calls may only be forwarded
within the exchange area. Speed calling service allows the cus-
tomer to reach frequently called numbers (up to 15 digits) by
dialing only one or two digits. The service 1is available in 8

and 30 number 1lists.
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Another new technology that will be introduced to the tele-
phone industry in phases throughout the 1980s 1is dynamic nonhier-
archical routing (DNHR). This technological routing program
utilizes electronic switches and permits the choice of transmis-
slon routes to change with the time of day, without constraint by
the flve-level hilerarchical ranking of the central switching
offices. The DNHR achleves greater trunk utilization than the
current hierarchical routing, thereby reducing the requirement
for trunks in the network. The use of DNHR results not only in
Increased operational efficlency, but also improved network per-
formance. Once DNHR becomes fully implemented, the cost savings
are estimated to be 15% over the existing hilerarchical routing
network.

Emerging telecommunication needs require digital technology.
Information services, such as remote banking, shopping and word-
processing, begin as digital signals. Before these signals can
be transported by the present voice network, the digital signals
must be converted into volce-like (analog) signals. A "modem"
device 1s used to convert customer digital signals into analog
signals. Because of the 1increased demand for digital signal
transport, the present nationwide telephone network 1s evolving
towards what 1s called the Integrated Services Digital Network
(ISDN), whose goal 1is to embody end-to-end digital connectivity.
At the present time this 1is being achieved by the installation of
Increasing numbers of digital toll switchers and by bringing
lightwave facilities into the toll plants. At the interexchange
plant, existing digital trunks are being modernized and their
capabilities are ©belng expanded through digital electronic
enhancements to existing copper loops. It 1s projected that by
1990, 90% of the U.S. telephone network will be digital.

Lightwave communications will easily fit into the ISDN net-
work. The major use of lightwave communications 1in 1984 was for
Interoffice trunking. Lightwave networks have now been imple-
mented 1in large metropolitan areas. These systems provide
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greater flexibility, improved transmission, and simplified main-
tenance. The South Central Bell Telephone Company offered the
nation's first direct customer hookup to the fiber optic light-
wave system for volce and data transmission in September of 1984.
Because of the raplidly dropping costs of fiber optic cable, it is
sometimes more economical to install fiber optic cable over the
conventional copper cable. Once 1lightwave transmission 1is
brought close to customers, copper wire pairs with electronic
enhancements can be made to handle wideband signals for the short
distance remaining to the customers' premises.

The ISDN will bring a number of new services and greater
flexlbility to the user. Some of the new services that will be
avallable through the ISDN network are: advance calling,
national number calling, and call screening. National number
calling allows the customer to have a single telephone number
that can reach any locatlon within the country. For example, a
business could program the network to route calls to a West Coast
office after the East Coast office closed. Call screening
enables a customer to 1limit the reception of calls only to those
from designated numbers. Advance calling permits a user to
instruct the 1local office to record a message and automatically

forward it to any telephone.

The future of the communications service industry appears to
rely upon the innovative technological advances within the com-
munications equipment industry. With the introduction of fiber
optics came an 1increased 1information carrylng capacity which
allows for not only the transmission of voice over telephone
lines but also data and digital television. Theoretically, 500
million simultaneous telephone conversations can take place over
a single optical fiber with a diameter of 0.005mm. This
increased bandwidth will allow for not only a large number of
simultaneous telephone conversations but also simultaneous data

transmissions and digital televislon broadcasts.
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In summary, the advent of fiber optic technology 1in the
communications network will allow for the following services to

become available:

data transmission vlia telephone 1lines,

videotex and teletext services,

digital television transmission via telephone lines,
telepresence,

meter reading,

remote sensing of fire and intruders.
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B.19 "THE CONSTRUCTION INDUSTRY" (SICs 15, 16, 17)

The construction sector accounted for approximately 4.2% of
the U.S. GDP in 1980. The subsectors of the construction
industry are classified wunder SIC categories 15-17: SIC 15
includes subdivisions assoclated with building construction, SIC
16 with nonbuilding construction and SIC 17 with speclal trade
contractors. Table 19-1, shows the subdivisions of each subsec-
tor and the subsector's contribution to the sector's value added
in 1977.

Although these subsector groupings are convenient from the
point-of-view of skills or methods of operation, they also over-
lap from the point-of-view of the finished product. Most of the
work done by those in the subdivisions under SIC 17, the special
trade contractors, will be in the construction of buildings--
which also falls under SIC 15. Workers in SIC 17 may also sub-
contract to those in SIC 16 as, for example, if an electrician is
hired to install lights in a tunnel.

Most avallable data on goods produced are given in terms of
the overall structure produced, e.g., residential buildings and
nonresidential buildings, rather than the amount of a specific
item, e.g., dollars of electrical work installed. The one nota-
ble exception to this 1s the Bureau of the Census data, which are
given by work specialty categories. However, even 1f these
figures were made available, confusion still arises because of
the overlapping of functions associated with the subsectors.

For the above reasons, we have departed from the usual SIC
classification methodology and have subcategorized the construc-
tion 1industry into building and nonbuilding construction with
further subdivisions as shown in Table 19-2. Note that the SIC
classifications are retained in the case of nonbuilding construc-
tion, since, as mentioned above, this seems to be more of a self-
contained category. Residential building construction and non-
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TABLE 19-1

CLASSIFICATION OF SUBSECTORS
OF THE CONSTRUCTION SECTOR (SICs 15-17)

AND CONTRIBUTION TO SECTOR IN 1977
SUBSECTOR AND SUBDIVISION % CONTRIBUTION

SIC CODE DESIGNATIONS TO_SECTOR

15 BUILDING CONSTRUCTION-——GENERAL 25.0

CONTRACTORS AND OPERATTVE BUITDERS
152 GENERAL BUILDING CONTRACTORS,
RESIDENTTAL BUILDINGS
153 OPERATIVE BUILDERS
154 GENERAL BUILDING CONTRACTORS,

NONRESIDENTIAL BUILDINGS

16 CONSTRUCTION OTHER THAN BUILDING 26.9
CORSTROCTTON—CORRERAT, CONTRACTORS
161 HIGHWAY AND STREET CONSTRUCTION,

EXCEPT ELEVATED HIGHWAYS

162 HEAVY CONSTRUCTION, EXCEPT HIGHWAY
AND STREET CONSTRUCTION

17 CONSTRICTION——SPECIAL TRADE 8.1
17 PLUMBING, HEATING (EXCEPT ELECTRICAL),
AND AIR CONDITIONING
172 PAINTING, PAPER HANGING, AND DECORATING
173 ELECTRICAL WORK
174 MASONRY, STONEWORK, TILE SETTING,
AND PLASTERING
175 CARPENTRY AND FLOORING
176 ROOFING AND SHEET METAL WORK
177 CONCRETE WORK
178 WATER WELL DRILLING
179 MISCELLANEOUS SPECIAL TRADE CONTRACTORS

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
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TABLE 19-2

REVISED CONSTRUCTION CLASSIFICATION

I. BUILDING CONSTRUCTION

A.  RESIDENTTAL BUILDING

1.SINGLE FAMILY DWELLINGS

2.NONSINGLE FAMILY BUILDINGS

B.  NONRESIDENTIAL BUILDING

ITI. NONBUILDING CONSTRUCTION

A.  HIGHWAY AND STREET CONSTRUCTION, EXCEPT
ELEVATED HIGHWAY

B.  HEAVY CONSTRUCTION, EXCEPT HIGHWAY
AND STREET CONSTRUCTION
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residential building construction have been selected for further
discussion due their dominance of the domestic construction

industry.

B.19.1 Residential Building Construction

Residential bullding construction industry, as 1listed 1in
Table 19-2, includes all single family dwellings as well as mul-
tiple family complexes. The residential building construction
industry, taken as a whole, 1s the largest category of the con-
struction sector, accounting for 41.2% of the construction sec-
tor's contribution to GDP in 1977.

The building construction industry (including nonresidential
building construction) has a high degree of fragmentation. The
1977 Census figures for general building contractors and opera-
tive bullders, plus special trade contractors, show an average of
7.5 workers per establishment (as compared with 29.3 for heavy
nonbuilding construction), with 93.2% of 443,641 firms employing
fewer than 20 workers each. Forty one large establishments
(1,000 or more workers), employing 2.6% of the total building
construction work force, produce only 2.4% of total construction

recelpts,

In addition to establishments with payroll, there are many
independent builders who work alone or 1in partnership with
another person. Data were not avallable for these independent
builders for 1977, but a 1967 Census report shows that approxi-
mately 17% of construction workers in the non-heavy construction
field had their own business without payroll; almost all were
one-man operations. The current percentage of workers in this
category 1s not known but 1s expected to be significant.

The residential building construction industry's current and

historical profile 1is shown in Table 19-3 which portrays the
industry's business and structural profiles. Table 19-3 shows
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TABLE 19-3

BUSINESS AND STRUCTURAL PROFIIE OF
RESIDENTTAL BUILDING CONSTRUCTION

ESTABLISHMENTS (1977 EST.) LEADING FIRMS (1982)
NO. OF EMPLOYEES) PERCENT
NAME INDUSTRY OUTPUT
SMALL (>20) 343,000 TU.S. HOME 1.1
INTERMEDIATE © 25,000 PULTE HOME 0.6
(20-1000) RYAN HOME 0.5
LARGE (<1000) 34 JIM WALTER CORP. 0.4
- THE RYLAND GROUP 0.3
TOTAL 368,034 TOTAL 2.9
1970 1972 1975 1977 1979 1981
NEW HOUSING UNITS
STARTED (THDUSAND)
"1 ONIT STRUCTURES 813 1309 892 1451 1194 705
2-4 UNIT STRUCTURES 85 141 64 122 122 91
5 OR MORE UNIT STRUCTURES 536 906 204 414 429 288
1972 1977 1979 1981 1983 1984 EST.
ESTIMATE VALUE OF NEW
‘CONSTRUCTION (BILLIONS)
" CURRENT § 56.6 80.7 88.7 77.9 105.8 115.4
1977 $ 86.7 80.7 76.0 55.9 70.2 75.2
TOTAL FMPLOYMENT (EST.) 2.3 2,49 2.85 2.68 — -
 (MILLIONS)
1980 1981 1982
NET PROFIT MARGIN AFTER TAXES, YEAR % 1257 B8.3% 1,07
R&D EXPENDITURES NONE

U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
VALUE-LINE INVESTMENT SURVEY, 1984

SOURCES:
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that the estimated value of new construction has fallen from
$86.7 billion in 1972 to $72.2 billion in 1984 (1977 $), an aver-
age annual drop of 1.2%. Total employment rose from 2.3 million
in 1972 to 2.7 million in 1981, an average annual increase of
1.5%. Net profit margin after taxes has fallen from 12.4% 1in
1980 to 4.0% in 1982. The five leading firms in 1982, which
combine for only 2.9% of the industry output, highlighting the
degree of fragmentation found in the industry.

Among the factors which constrain the residential construc-
tion 1industry, 1interest rates are the most 1important. High
interest rates make mortgages difficult to obtain for consumers,
thereby slowing new construction. Other factors which constrain
the industry are high unemployment and slow growth in disposable

personal income,

Competitive Issues Affecting the Residential Construction
Industry |

The residential construction 1industry has no significant

foreign competition in the U.S.

Productivity in the Residential Construction Industry

In order to ascertalin the relative strength of U.S. produc-
tivity with respect to other nations, a comparison was made with
Japan for the building construction industry. This comparison is
presented in Tables 19-4 and 19-5 which are to be matched with
Tables 19-6 and 19-7, respectively. The floor area costs are
almost the same for U.S. and Japanese residential construction
for these years. The floor area productivity per worker 1is
plotted for both U.S. and Japanese building construction (both
resldential and nonresidential) in Figure 19-1, using the data
from Tables 19-5 and 19-7. Clearly, U.S. productivity has stayed
higher in absolute terms, but both countries show a downtrend.
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Figure 19-1. Construction Productivity: U.S. Versus Japan
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Table 19-8 shows dollar productivity for the subcategories
listed in Table 19-2. The data which were used to compute the
GDP numbers in Table 19-3 were taken from the total receipts data
of U.S. establishments with payroll supplied by the Bureau of the
Census. Since the classification system being used 1s not the
SIC system, it was necessary to apportion figures for the specilal
trade contractors to the subclasses of building construction
defined in SIC 15. This was done in proportion to the activity
in each subdivision of SIC 15. Slightly different proportions of
construction GDP can be obtained by using in-place construction
figures 1instead of total receipt figures; however, these differ-
ences may be due to the many independent builders who are not
counted in the Census 1listings. In any event, the relative sig-
nificance of the various subclasses of Table 19-8 would remain in
the same order, in terms of information of most significance from
the GDP figures.

Labor productivity for the residential construction industry
in 1977 (1977 $) was $10,800 per employee ranking it last among
the three construction subsectors. Labor productivity declined
at an average annual rate of -2.94% for single family dwelling
and -1.44% for nonsingle family dwellings from 1972 to 1977.

The residentlal construction industry 1is labor intensive,
both 1in absolute terms and relative to 1ts various subsectors.
Depreciable capital assests averaged less than $6,000 per worker
in 1977, while total capital expenditures other than land were
about $800 to $900 per worker. Rental payments for rented equip-
ment amounted to less than $300 per worker.

Technological 1ssues will be discussed along with nonresi-
dential bullding construction due to their similarities.

B.19.2 NONRESIDENTIAL BUILDING CONSTRUCTION

The nonresidential building construction industry, as listed
in Table 19-2, includes the construction of industrial buildings,
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warehouses, commerclal bulldings, institutional buildings, reli-
gious buildings, and recreatlional buildings. The nonresidential
bullding construction category 1s the second largest in terms of
dollar output, accounting for 36.2% of the construction sector's
contribution to GDP in 1977.

The 1industry's historical and current posture 1s summarized
in Table 19-9, which portrays the industry's business and struc-
tural profiles. Table 19-9 shows that the estimated value of new
construction has risen from $60.9 billion in 1972 (1977 $) to
$64.1 billion 1in 1984 (1977 $¢), an average annual increase of
0.4%. The total number of establishments in 1977 was 76,000 with
93% employing less than 20 persons. Construction contracts by
class were dominated by commercial construction with $28 billion
(47% of the total) in contracts during 1982. Manufacturing and
- educational structures were next with $9.3 billion (16%) and $6.1
billion (10%), respectively.

High 1interest rates constrain the nonresidential buillding
construction 1industry due to the 1nabllity to fund projects.
Other factors which constrain the industry are unemployment and

slow market growth.

Competitive Issues Affecting the Nonresidential Building
Construction Industry

There 1s no foreign competition 1in the nonresidential

buillding construction industry.

Productivity in the Nonresidential Building
Construction Industry

In order to ascertain the relative strength of the U.S.
productivity 1in the nonresidential building construction indus-
try, a comparison was made with Japan. This comparison 1s
presented 1in Tables 19-4 and 19-5 which are to be matched with
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BUSINESS AND STRUCTURAL PROFILE OF THE

TABLE 19-9

NONRESIDENTTAL BUILDING CONSTRUCTION INDUSTRY

ESTIMATED VALUE OF 1972 1977 1979 1981 1983 1984 EST.

TEW CONSTRICTION
CURRENT $ 43.5 545 76.3  92.8  98.9 98.4
1977 $ 60.9 545 65.4  66.6 65.7 64.1

ESTAELISHMENTS (1977 EST.)

TCATEGORIZED B

NO. OF EMPLOYEES)

SMALL (>20) 70,800

INTERMEDIATE 5,200
(20-1000)

LARGE (<1000)

TOTAL 76,000

CONSTRUCTION CONTRACTS BY a.nss”

VAIDE OF CORSTRUCTTON (BILLION :

1977 1979 1981 1982

TOTAL 33.1 30.2 60.1 59.02
COMMERCIAL 13.6 244 31.7 28.0
MANUFACTURING 5.4 7.6 8.6 9.3
EDUCATIONAL 5.2 6.3 5.8 6.1
HOSPITAL 45 48 6.4 7.9
PUBLIC BUILDINGS 2.3 1.6 1.4 1.9
RELIGIOUS 1.0 1.6 1.4 1.9
SOCIAL AND RECREATIONAL 3.3 4.9 1.2 1.3

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984




Tables 19-6 and 19-7 respectively. The floor area costs are 30
to 35% higher from 1970 to 1981 for the U.S. This may be due to
a higher standard of quality demanded in U.S. nonresidential

buildings.

Table 19-8 shows productivity for the subcategories listed
in Table 19-2 (see previous section for explanation of data).
Labor productivity 1in 1977 for this industry was $22,580 per
employee (1977 $),. ranking this subsector higher than residential
bullding construction, but not as high as nonbuilding construc-
tion, where value added per worker averaged over $28,000 (1977 $)
in 1977. During the period from 1972 to 1977, labor productivity
fell at an annual rate of 2.9% per year, making this subsector
similar to residential construction.

This subsector 1s also 1labor intensive, with depreciable
capital assets in 1977 of $5,000 to $6,000 per employee and total
capital expenditures other than 1land of about $1,000 per
worker. Rental payments for equipment were about $600 per

employee.

Role of Technology in Residential and Nonresidential
Bullding Industry

In order to determine which areas of the construction indus-
try offer potential savings through technology, let us first list
the major activities required to construct a buillding. These
are:

° planning and designing the building,

° procurement of materials and moving them to the
building site,

] ground preparation and clearing,
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® congstruction of roads, sewers, parking lots, etc.
external to the building,

° construction of bullding foundation and outer shell,

° installation of utilities, including electric,
plumbing, heating and air conditioning,

° construction of the ordinary building interior
including carpentry, plastering and drywall,

) construction of special interior items for industrial
and commercial buildings.

Each of these 1tems has a purchasing cost, interest charges
to buy the material and pay labor during construction, and
general overhead and administrative costs. Taken as a whole,
these are the costs associated with the construction of a
building.

We may eliminate some of these as candidates for reduction
through technological advances. For example, general overhead
and administrative costs are more dependent on good business
practices than technology. Special interior items are, by defin-
ition, not sufficiently prevalent to merit a new technology for
each. Interest charges are dependent on prevailing interest
rates and in that regard are not controllable. However, interest
charges are also dependent on the time it takes to complete con-
struction, which may be reduced by better schedule planning,
better methods of putting things together, etec.

Cost reductions are possible through two general mechan-
isms: 1) better planning, englneering design, and construction
coordination; 2) better or cheaper materials and structures, or
those that are easlier to work with, quicker to install, etc.
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Better Planning, Design, Coordination--This cost saving
device applies malnly to nonresidential construction, which was
shown in Table 19-3 to account for about 36% of construction GDP,
and to nonsingle-family residentlal construction of large
buildings, 1.e., high-rise apartments. Single~-family construc-
tion generally does not 1involve a great deal of engineering,
although builders may profit from better schedule coordination,
as discussed below. However, single-family construction is
usually a more standardized process.

Expenses can be reduced 1in several ways through better
design and coordination of construction. These are as follows:

e Buildings were often "overdesigned" 1in the past; when
last minute changes were made, the bullding could not
be redesigned optimally. Money would be saved 1if
bullding designs were amenable to such unexpected con-
struction changes.

° The amount of material required for a Job can be
reduced when an approach for extracting the proper
amount (i.e., specific 1lengths of wood, pipe, etc.)
from stock-size items has been determined in advance.
Rough estimates of required materlials have often been
made, allowing a high percentage of overage so as not
to run short; and less than optimal ways to cut mater-
ial were often used. An exacting approach toward pre-
serving required material wlill save money.

) Crews of workers may be scheduled more efficilently so
that 1dle time 1s minimized while waiting for necessary
prior tasks to be finished. This willl allow for more
productivity per worker and a faster completion time.

o Buildings may have Dbetter structural engineering
designs, requiring less material to provide an equal
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amount of strength against natural forces such as winds
and earth tremors.

° Buildings may be designed to take advantage of natural
resources, such as solar power for heating. This will
increase the overall market value of the building.

The first three items depend to a large extent on computeri-
zation for their implementation. Computer-assisted design (CAD)
allows an engineer to reoptimize designs quickly when small
changes are made, to plan how to order and cut materials and how
to schedule workers. In addition, the use of the computer saves
the englineer's time, thereby lowering labor costs for design
itself.

Structural engineering improvement is also being assisted by
computer programs to calculate stresses 1in new configurations.
Use of natural resources such as solar energy will depend on new

technologies.

It 1s difficult to estimate how much can be saved by using
better design and coordination. Some savings have certainly been
achleved already by the use of existing CAD programs. However,
since design and coordination apply to nonresidential construc-
tion as a whole, small percentage savings could be significant.

Better Materials and Structures--Material and labor are
closely intertwined; changes in one may be offset by cost changes
in the other. For example, while a prefabricated roof truss for
a house costs more than the individual pileces of wood, it saves
on the amount of labor that would have been needed to put the
pleces together. Therefore, "materlials"™ are those that are
essentially unfabricated (boards, bricks, stones, etc.) as well
as those that are partially fabricated (roof trusses) or even
fully fabricated (plumbing fixtures, whole houses, etc.).
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Thus, labor and material costs are best examined from the
point of view of functions performed, as indicated by the cate-
gories listed at the beginning of this Section. Table 19-7 lists
the percent of contribution to total building construction GDP by
special trade contractors. This seems to be the best data avall-
able for estimating fraction of construction GDP attributable to
each part of the construction process, although it has the draw-
back stated previously that the work of the special trade con-
tractors may be duplicated by general contractors.

Table 19-10 1indicates that the greatest contribution to
building GDP is from plumbing, at 16.6%. However, while this
number from the first column represents the contribution
according to strict SIC subdivisions, there may be general con-
tractors who also do plumbing work, in which case the flgure
would be higher. Generally, probably the best estimate of per-
cent building GDP 1is somewhere between 16.6% and 28.7%, with a
tendency to be closer to the higher end.

If we make the assumption that the contributions to bullding
GDP are of the same relative order as the contributions to spe-
cial trade GDP shown in Table 19-10, then the greatest contribu-
tors are plumbing, heating and air conditioning, followed by
electrical, then by roofing and plastering with lower amounts.
The other trades contribute almost equally in much smaller indi-

vidual amounts.

There are several ways in which the cost of labor and/or

materials could be reduced:

° Produce the same, or substitute, materials at a lower
price per equivalent unit. This has been done, for
example, in the electrical 1industry by substituting
aluminum wire for copper wire, since aluminum 1is much

cheaper per equivalent unit.
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TABLE 19-10

SPECIAL TRADE AND GENERAL BUILDING AS A
PERCENT OF BUILDING GDP AND SPECIAL TRADE GDP

% OF BUILDING % OF SPECIAL

SIC DESCRIPTION TRADE GDP TRADE GDP
GENERAL BUILDING CONTRACTORS 4.9 —_—
PLUMBING, HEATING, AIR CONDITIONING 16.6 28.7
ELECTRICAL 12.1 20.8
ROOFING, SHEET METAL WORK 5.2 8.9
PLASTERING, INSULATION 5.1 8.7
CONCRETE WORK 3.4 5.8
EXCAVATION 3.4 5.8
MASONRY 3.2 5.5
CARPENTRY 2.9 5.0
PAINTING, PAPERING 2.7 4.6
OTHER 3.6 6.2

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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® Produce materials that are easier to work with at
roughly the same price, thereby saving man-hours for
installation. Plastic plumbing pipes and fittings, for
example, are easier to install than copper.

° Prefabricate portions of the system to be installed.
As mentioned, this has been done for the supporting
members for roofs.

° Some combination of the above. For instance, work has
been done on developing plastic roofing material which
comes in large pieces and can be installed with little
labor.

It is generally more beneficial to aim at reducing the costs
of materials rather than the costs of labor, other things being
equal. Table 19-11 shows that materials costs have risen at a
rate of 8.15% per year, on the average, from 1970 to 1982, while
labor costs have only risen on average by 7.23% per year. There-
fore, cutting materials costs would seem to be more productive if
these trends continue. In particular, since roofing materials
have risen at the highest rate, with steel products and insula-
tion closely following, these products would seem to be fertile
ground for cost-cutting measures.

New Technologies in the Residential and Nonresidential

Building Industry

As mentioned in the last section, much of the work in plan-
ning, design and coordination is related to advances in the com-
puter industry, evidenced by computer-aided design and computer-
aided manufacturing (CAD/CAM), as well as standard business con-
trol programs (accounting and payroll, inventory control,
etc.). Programs may also be considered from the point of view of
various participants in the construction process: the
owner/investor, the financing organization, the general contrac-
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TABLE 19-11

RATE OF PRICE INDEX INCREASES FOR
CONSTRUCTION MATERIALS AND LABOR

AVERAGE RISE PER YEAR

TTEM IN PRICE INDEX, 1970 TO 1982 (%)
ALL MATERIALS 8.15
ASPHALT ROOFING A 11.96
FINISHED STEEL PRODUCTS, STRUCTURAL SHAPES 11.132
BLACK PIPE, CARBON 11.642
WIRE NAILS, 8D COMMON 10.13
REINFORCING BARS 8.682
INSULATION MATERTALS 9.26
CONCRETE INGREDIENTS 8.81
CONCRETE PRODUCTS 8.47
METAL DOORS, SASH, TRIM 8.19
GYPSUM PRODUCTS 8.18
PLUMBING FIXTURES 7.96
SOFTWOOD LUMBER, DOUGLAS FIR 7.75
SOUTHERN PINE 7.91
MILLWORK 7.60
STRUCTURAL CLAY PRODUCTS T 47
BUILDING PAPER AND BOARD 7.46
PREPARED PAINT 7.33
HARDWOOD LUMBER 7.15
HEATING EQUIPMENT 6.56
PLYWOOD 6.55
NONFERROUS METAI, PRODUCTS 6.4h
BUTILDING WIRE 1.38P

& UNION HOURLY WAGE RATE INCREASE FOR PERIOD 1970-1981
D UNION HOURLY WAGE RATE INCREASE FOR PERIOD 1970-1980

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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tor, subcontractors, and the users of the finished product, if
different from the owner. Programs which have been developed,
are being developed, or are considered good candidates for devel-
opment are described below. The ideal or goal to be achieved in
the future is an integration of these programs into an overall
program for the purposes of optimization and coordination of
planning, design, and actual construction. 1In this way costs can
be reduced most effectively.

o Financial planning packages for the investor or finan-
cial organization. Such packages exist at the present
time but are generally unsophisticated. A goal for the
future would be programs that manage investments from
many points of view rather than simply keeping track of
a set of numbers for fixed types of situations. In
this regard, time-stepped models or expert systems
might be of use.

e General accounting, payroll, inventory programs, etc.
These programs currently exist in fairly satisfactory
forms for straightforward applications.

e Automatic representation programs. Some programs exist
for automatically drawing plans, but these are
generally inadequate from the viewpoint of what might
be done. The computer package of the future should be
able not only to draw two-dimensional plans for all

aspects of a construction project but should be capable
of converting plans into a three-dimensional represen-
tation shown on a monitor screen or printed in hard
copy, rotated through any desired angle, and blown up
to show any desired details. In this way, a project
could be 1looked at from any position and a program
could also compute dimensions and tolerances between
any desired points. Such representations should be
possible both for a project as a whole and for com-

19-24



ponent parts of it. As a more advanced feature, com-
puter programs that could also simulate the movement of
parts on equipment and determine which pieces would
"fit" if a given schedule of completing the construc-
tion would be chosen.

Analysis of physical quantities arising from the use of
a given design, such as stresses, electrical current
flows in normal use and during peak conditions, water
pressure and flows in sprinkler systems, etec. Such
programs now exist for certain systems and may be use-
ful in analyzing existing designs, but are not
generally useful for innovation in producing new con-
figurations.

Production or fabrication programs, which take into
account any existing design, and compute how much of
each material is needed, at what cost, and how pieces
of stock should be used and cut to accomplish such a
design. Such programs exist for some applications
(e.g., sprinkler systems) but not for others.

Programs which combine the above features, so that
different designs can be considered, analyzed, and
priced for the different systems in a building (elec-
trical, plumbing, etc.), can be tested for their work-
ability, can be drawn and represented three-dimension-
ally, and can be used to determine overall cost and
inventory. These programs would likely contain "expert
system" components for choosing different types and
combinations of designs. These expert systems might
contain modules to be applied to specialized design,
such as a building which could accommodate handicapped

persons to a greater degree.
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° Robotics programs in conjunction with robotics machin-
ery, to fabricate in a shop portions of structures
prior to being taken to the construction site. Some
numerically controlled machines now exist, but nothing
of an integrated nature which would take a data stream
of various types of needed parts and arrange schedules

and operations in a complex fashion.

) Programs to compute user needs such as space require-
ments, furnishings, layout, etc. Nothing is currently
known of such programs.

There are two main obstacles to the development of a general
construction package at the present time. The first is a lack of
an overall database for writing such programs, because of the
fragmentation in the building industries. The second is the lack
of uniformity and consistancy in local building codes and regula-
tions, which control the overall design and plan of any project.

There have been other design innovations in the general area
of engineering design; some of these are presented below, as
taken from the recent National Bureau of Standards Publication,
Office Structures and Enclosures: Directions in Innovative Tech-
nology (NBS-GCR-83-434). Of course, it is hard to generalize
with respect to such work in order to predict the future; each

new idea is basically an isolated solution.

° Stiffness of high-rise buildings has been improved
without excessive use of material by: a) the use of
frame and shear truss in combination; b) the use of
outrigger truss or tie-down truss; c¢) the use of steel-
plate shear walls.

° Buildings can be made which are convertible to many
different uses without complete rebuilding by the use

of: a) megaframes which support "blocks" of floors
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constructed independently; b) hollow, tubular struc-
tures with suspended or cantilevered floors which can
be changed or removed; c¢) vertical structural shafts
with giant girders between them to support floors or
blocks of floors; d) highrise, curved concrete walls,
vertical folded plate, channel or fluted shape in con-
crete, and stable floor supports.

Structural damping of sway in very high buildings can
be accomplished by the use of tuned mass damper (TMD)
and viscoelastic material.

Wind resistance can be decreased, thereby reducing the
need for more material, by the use of: a) aerodynamic-
ally efficient building forms; b) surface patterns to
create beneficial turbulence; c¢) discharge of air from
leeward surface of building.

Seismic damage can be avoided by: a) the use of a
welded moment-resisting rigid steel frame composed of a
Y-shaped box column welded to three-foot deep girders
weighing 28 pounds/sq.ft. of framed area; b) re-
inforcing "soft stories"™ by adding columns and/or
bracing at critical floors; e¢) providing a shock-
absorbing soft story.

The failure of steel structural elements due to fire
can be reduced by filling hollow steel trusses with

water.

Complex mechanical and communication wutilities and
services can be facilitated by: a) using interstitial
space between floors; b) placing service shafts and
ducts outside the perimeter of floor space.
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) A completely open, column-free building interior can be
provided for one-story buildings by: a) the placing of
trusses outside a building envelope; b) the use of
exterior posts and suspension cables; c¢) the use of
self-supporting stretched fabric roof; d) use of a
lightweight tubular metal dome or metal arch structure;
e) the use of a prestressed cable roof; f) the use of
cables and rods as tension cords of large-span trusses.

The development of electrical and plumbing fixtures which
reduce cost and/or facilitate installation have already been
discussed. Some other innovations which are now in existence or
available in the near-future are the following:

° A continuous elastic, single-ply roofing membrane that
can be laid without the application of heat, allowing a
simpler installation and the use of cheaper foam mater-
ial for insulation.

° Various solar heat and energy collectors, such as: a)
flexible black heat absorber mats extruded from highly
durable synthetic elastomers (EPDM) in lengths up to
600 feet; b) solar photovoltaic systems (now being
marketed); c¢) finned aluminum absorber components to
draw heat from the ambient air with the help of heat
pumps; d) windmill electricity generators.

e Various inorganic cellular material for different uses,
such as: a) cellular or foamed glass for use as insul-
ation against heat exchange and water transfer; b)
cellular or aerated concrete for use as wall material
for load-bearing, 1low rise structures; c¢) "foamed"
ceramic bricks and blocks having reduced weight.

° Prefabricated products, such as prefabricated brick

walls for use as outer shell or as complete, insulated
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wall and prefabricated facade in architectural con-
crete.

° New glasses and windows, such as: a) a new glass type
to prevent fire from promulgating through glass; b)
tinted, heat absorbing, and reflective glasses for
optimal thermal/optical performances; c¢) windows with
rolling external shade to prevent heat transfer at
night when building is not in use.

As stated in the previous sections, these new materials can
reduce overall cost by being cheaper in themselves or by lessen-
ing the amount of 1labor required for their installation. They
may also, of course, add to the overall value of the structure
because they are of better quality than the old materials.

Roofing was cited as a high cost item, and the new elastic
roofing described above is a step toward improving costs, both by
cutting down on labor for installation and by being cheaper per
unit area, as production methods improve.

Basic prospects for technological cost reduction are in the
manufacture or growth of the raw material and in the prefabrica-
tion of various structures. Imagination may be helpful in this
regard. For example, if wood could be grown faster, by some new
biological process, then this would increase forest productivity
and reduce costs. New methods of processing iron would, of
course, contribute to savings in building industrial, commercial,
and high-rise structures.

Prefabrication of electrical wiring could be done, perhaps,
by making an electrical distribution system to be placed in the
attic or basement of houses, similar to a printed circuit
board. Wiring would then be run vertically only to this central
connection. More complex systems of this nature might be put
into high-rise buildings or other nonresidential buildings.
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Better prefabrication methods could be developed for struc-
tural members or entire buildings. Wall frames might be cast of
a plastic material rather than made of wood nailed together, if
this were economical; or wood might simply be precut if toler-
ances could be determined accurately.

The field of solar energy offers opportunities for improve-
ments in the types of devices used to collect energy; however,
this area is clearly in the developmental stage. Some of the
products 1listed above suggest ideas for future technological

advances.

B.19.3 CONCLUSION

The residential and nonresidential construction industry in
the U.S. is saturated. Value of new construction combined for
both fell from $147.6 billion in 1972 (1977 $) to $136.3 billion
in 1984, an average annual decrease of 0.7%. Productivity in the
U.S. shows a downtrend in recent years. This is due in part to
the periods of recession experienced during the past 12 years.
The dominant constraint affecting the industry is high interest
rates. These interest rates partially depend on the amount of
time needed to complete construction.

Future technology thrusts should be aimed at improving com-
puter-aided design systems (CAD) and at the development and use
of advanced materials in the construction industry. Both of
these thrusts would have a significant impact on productivity.
Refer to Section E.3 for discussion of AI (Artificial Intelli-
gence) which will impact CAD. Refer to Section E.1 for discus-
sion of Advanced Materials.
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B.20 "MINING" (SICs 10, 11, 12, 13, 14)

The mining subsectors, SICs 10-14, include all establish-
ments engaged in the extraction of naturally occurring minerals
from the ground, such as coal, ores, crude petroleum, and natural
gas. Activities such as quarrying, well operation, milling, and
other mine site preparations, as well as exploration and develop-
ment, are 1ncluded within these subsectors. Table 20-1 lists the
mining subsectors-and their contribution to the sector in 1977.

The mining sector contributed 1.5% to the GNP in 1980. The
subsectors are characterized by:

° A high degree of fragmentation. Out of a total of
approximately 31,400 establishments, 24,700 employed
less than 20 persons (1977).

° A labor productivity of $60,795 per employee/year or
$31.66 per employee hour (1977, 1972 $). The compound
annual labor productivity growth rate was 6.4% from
1972 to 1977.

° Capital expenditures which amounted to $15,838 per
employee (1977, 1972 $).

. R&D expenditures of $803 million 1in 1978.

The subsectors are clearly categorized in terms of principal
minerals produced. At the three digit subdivision level, how-
ever, some redundancy 1s apparent. For example, subdivision 108
includes metal mining services, such as boring, draining,
drilling, exploration, the removal of overburden, and even the
contractual operation with the particular product produced. Data
derived from the service subdivisions (SICs 108, 138, and 148)
will therefore be therefore examined in connection with the two
digit subsectors which categorize the same end product.
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TABLE 20-1

CLASSIFICATION OF SUBDIVISIONS
OF THE MINING SUBSECTORS (SICs 10-14)
~ WITH 1977 CONTRIBUTIONS T0 SECTOR

SUBSECTOR AND SUBDIVISION

SIC CODE DESIGNATIONS % CONTRIBUTION
10 METAL MINING 6.0
101 TRON ORES
102 COPPER ORES
103 LEAD AND ZINC ORES
104 GOLD AND SILVER ORES
105 BAUXITE AND ALUMINUM ORES
106 FERROALLOY ORES (EXCEPT VANADIUM)
108 METAL MINING SERVICES
109 MISCELLANEOUS METAL ORES
11 ANTHRACITE MINING 6.2
111 ANTHRACITE MINING
12 BITUMINOUS COAL AND LIGNITE MINING 18.7
121 BITUMINOUS COAL AND LIGNITE MINING
13 OIL AND GAS EXTRACTION 60.3
131 CRUDE PETROLEUM AND NATURAL GAS
132 NATURAL GAS LIQUIDS
138 OIL AND GAS FIELD SERVICES
14 MINING AND QUARRYING (F NONMETALLIC 8.8
MINERALS EXCEPT FURLS
141 DIMENSION STONE
142 CRUSHED AND BROKEN STONE, INCLUD-
ING REPROP
144 SAND AND GRAVEL
145 CLAY, CERAMICS, AND REFRACTORY
MINERALS
147 CHEMICAL AND FERTILIZER MINERAL
MINING
148 NONMETALLIC MINERALS SERVICES
(EXCEPT FUELS)
149 MISCELLANEOUS NONMETALLIC MINERALS,
EXCEPT FUELS

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
EOP/OMB STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
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Mineral fuels are the greatest contributor to mining output,
of which petroleum products occupy a considerable portion, see
Tables 20-2 and 20-3. The total value of mineral fuels
extracted, when measured 1in dollars, represents an ever
increasing fraction over time of the total mining extraction
value. In 1981 (the latest year for which figures are avail-
able), mineral fuels represented 86.6% of the total value.
Almost all of the dollar increase in the value of mineral fuels
since 1970 has occurred in crude petroleum and natural gas, with
coal extraction remaining about the same overall.

It 18 reasonable to attribute much of this increased mineral
fuel value to the rising price of fuels. Table 20-4 shows no
significant increase in the actual extraction of either crude
petroleum or coal; and, the production of other minerals, listed
in Table 20-2, has not experienced a significant downward trend.

Table 20-5 shows the labor and capital expenditures (1977)
for various mining categories. Bituminous coal mining had the
highest 1labor cost with $22,800 per employee, while petroleum
mining had the highest capital per worker ratio with $37,500 per
employee. Table 20-6 1lists value added per worker for these
mining categories in 1977. Natural gas and petroleum had the
highest value added per employee, with $252,800 and $134,700
respectively.

The remainder of this analysis will concentrate on profiling
mineral fuel extractlion for crude petroleum and natural gas pro-
duction (SIC 131), which represents approximately two-thirds of
mining output, by dollar value in recent years; and coal mining
(SICs 11 and 12), a homogeneous industry that 1is second in value
of total output.

B.20.1 CRUDE PETROLEUM AND NATURAL GAS (SIC 131)

The crude petroleum and natural gas subdivision (SIC 131) 1is
involved in the exploration, drilling, and equipping of wells;




TABLE 20-2

PERCENT OF TOTAL MINING PRODUCTION ATTRIBUTABLE

TO _VARTIOUS PRODUCTS, BY YEAR

PERCENT OF TOTAL DOLLAR VALUE

1970 1975 1977 1978 1979 1980 1981 AvVG

COAL (BITUMINOUS & LIGNITE)

ALL MINERAL FUELS
PETROLEUM (CRUDE)
NATURAL GAS (WET)

ALL NONMETALLIC MINERALS
EXCEPT FUELS

753“. 18“ 93
.d.332107..5hu.

7unu719uRu:JR/2fu
821100000

0636966.&.5
u22100000
uu.230885.u.
.4.33210000

525819963
6“3210000

00..481986“
6"13210000

065“997&65
633210000

.472970915
mﬂ.5301010

PHOSPHATE ROCK
SALT (COMMON)
SULFUR: FRASCH MINES

SAND AND GRAVEL
LIME

CEMENT
STONE
CLAYS

OO Mmm
* e o s o
~MMNOOO

vr:)RuRJDLoJ
.n.llOOO

18795“.
611000

0868.43
822000

7-.“.9732
7.22000

27.9.422
721000

207.&.33
832000

303732
373000

IRON ORE, USABLE
MOLYBDENUM
SILVER

GOLD

COPPER

ALl METALS

U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

SOURCE :
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TABLE 20-3

PERCENT OF TOTAL MINING VALUE ADDED ATTRIBUTABLE
TO_VARIOUS PRODUCTS, BY YEAR

CATEGORY PERCENT OF TOTAL VALUE ADDED

1958 1963 1967 1972 1977

OIL AND GAS EXTRACTION 67.5 69.2 69.3 66.5 T1.4
COAL MINING 13.3 10.9 10.8 14.2 16.6
NONMETALLIC MINERALS MINING 10.4 11.0 11.8 10.3 6.8
METAL MINING 8.8 8.9 8.1 9.0 5.2

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984

TABLE 20-4
MINERAL FUEL PRODUCTION, 1970 TO 1981

PRODUCTION QUANTITY

MINERAL UNIT 1970 1975 1977 1979 1980 1981
COAL
BITUMINOUS MILLION SHORT TONS 603 648 691 776 824 818
ANTHRACITE MILLION SHORT TONS 10 . 6 6 5 6 5
NATURAL GAS (WET) TRILLION CUBIC FT. 22 20 20 21 20 20
PETROLEUM (CRUDE) MILLION BBL 3,517 3,057 3,009 3,121 3,146 3,129
URANIUM MILLION IBS. 23.1 23.2 29.9 37.5 43.7 38.5

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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TABLE 20-5

EXPENDITURES FOR LABOR AND CAPITAL ITEMS (OTHER THAN LAND AND

MINERAL RIGHTS) FOR VARIOUS MINING CATEGORIES (1977)

LABOR COSTS CAPITAL EXPENDITURES
SIC CODE CATEGORY ($1,000/WORKER) ($1,000/WORKER)
10 METAL MINING 21.1 13.0
11 ANTHRACITE MINING 18.6 2.7
12 BITUMINOUS MINING 22.8 11.6
11 & 12 COAL MINING 22.7 11.5
131 & 138 PETROLEUM MINING 19.0 37.5
132 NATURAL GAS LIQUIDS 21.4 5.3
14 NONMETALLIC MINING 16.1 6.9
SOURCE: U.S. DOC/BOC: CENSUS OF MINERAL INDUSTRIES, 1977
TABLE 20-6
VALUE ADDED PER WORKER
FOR VARIOUS MINING SUBSECTORS (1977)
VALUE ADDED PER WORKER
SIC CODE SUBSECTOR ($1,000 DOLLARS)
10 METAL MINING 40.0
11 ANTHRACITE MINING 34,2
12 BITUMINOUS MINING 46.1
11 & 12 COAL MINING I5.9
131 & 138 PETROLEIM MINING 134.7
132 NATURAL GAS LIQUIDS 252.8
14 NONMETALLIC MINING 39.8
SOURCE: U.S. DOC/BOC: CENSUS OF MINERAL INDUSTRIES, 1977
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the operation of emulsion breakers, separators, and desillting
equipment; and, all other activities assoclated with the prepar-
ation of oil and gas up to the point-of-shipment from the pro-
ducing property.

The subdivislon's historical and current posture 1s sum-
marized in Tables 20-7 and 20-8, which portray the industry's
business and structural profiles, respectively. Table 20-7 shows
that 1industry shipments have decreased at a compound annual rate
of 1.0% in eleven years, from $15.7 billion 1in 1972 to $14.1
billion in 1983 (1972 $). Employment has risen at a compound
annual rate of 5% 1in eleven years, from 116,600 in 1972 to
199,900 in 1983. The U.S. share of world crude o1l production
has fallen from 34% in 1960 to 15% in 1981, while the share of
natural gas production has fallen from 75% in 1960 to 35% in
1981, °’

Table 20-8 shows that the crude oill and natural gas industry
is dominated by seven firms (sometimes referred to as the "seven
sisters™). Of the 17,775 establishments, 14,836 are small (less
than 20 employees), 2,896 are 1intermediate (20 to 1000
employees), and 23 large (greater than 1000 employees). Consump-
tion of petroleum in the U.S. has fallen from 6.0 billion barrels
in 1972 to 5.5 billion barrels in 1983. Consumption of natural
gas has fallen from 22.1 trillion cublic feet in 1972 to 17.0
trillion cubic feet in 1983.

U.S. petroleum consumption increased 50% between 1960 and
1970 1in conjunction with steady economic growth. However, the
increased use of Middle East oil during this period resulted in
little effort to develop new supplies; domestic consumption out-
paced domestic production and reserves.

Significant structural changes have occurred 1in the crude

oil and natural gas 1industry since 1972. The 1973-74 OPEC
(Organization of Petroleum Exporting Countries) oil embargo
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BUSINESS PROFILE OF

TABLE 20-7

THE CRUDE OIL AND NATURAL GAS SUBDIVISION (SIC 131)

SHIPMENTS (BILLION $)
" CURRENT $
1972 $

TOTAL EMPLOYMENT
TTHOUSARDS)

EXPORTS
" CURRENT $ (BILLIONS)

IMPORTS
" CURRENT $ (BILLIONS)

NET TRAIE DEFICIT
~ CURRENT™ ¥ (BILLIONS)

PERCENT OF WORLD

PRODUCTION

~ CRUDE OIL
NATURAL GAS

EARNINGS AS PERCENT
CAPTITAL

CAPTTAL EXPENDITURES

BILLION $ 1977

1972 1977 1979 1981 1982 1983

15.7 41.9 61.9 141.2 -_— 134.5

15.7 1“.0 1309 1“.6 - 1“.1

116.6 134.1 167.1 215.4 - 199.9

0.05 0.3 0.5 0.9 0.8 _—
2.7 35.6 49.2 65.9 50.6 -—
2.6 35-3 48.7 65-0 )"9-8 -

1960 1970 1973 1975 1978 1980 1981
34 21 17 16 14 14 15
75 58 50 b3 39 37 35

17.8 16.1 13.3
12.9

SOURCES: U.S. DOC/BOC:

STATISTICAL ABSTRACT OF THE U.S., 1984
CENSUS QF MINERAL INDUSTRIES, 1977
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TABLE 20-8

STRUCTURAL PROFILE OF

THE CRUDE OIL AND NATURAL GAS SUBDIVISION (SIC 131)
ESTABLISHMENTS (1977) LEADING FIRMS (1982)
(CATEGORILZED BY
NO. OF EMPLOYEES)
NATURAL GAS
OIL OUTPUT OUTPUT (MILLION
NAME (1000 BBL/D) CU FT/DAY)
SMALL (<20) 14836 EXXON CORP 3100 N/A
INTERMEDIATE MOBILE CORP 2000 N/A
(20-1000) 2896 STANDARD OIL OF
LARGE (>1000) 23 CALIFORNIA 1900 1600
- TEXACO 1790 2140
TOTAL 17755 BRITISH PETROLEUM 1200 N/A
STANDARD OIL CO.
(INDIANA) 780 N/A
STANDARD OIL CO.
(OHIO) 690 91
TOTAL 11,460
OTHER
MFG. LABOR LABOR  MATERIALS ENERGY CAPITAL
PRODUCTION COST 577 - 2.5% 517 32.4%4 T1.5% 59.5%
~— DISTRIBUTION, 1
OIL GAS
PRODUCING WELLS 285,357 89,023

OPERATED, 1977

SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
CENSUS OF MINERAL INDUSTRIES, 1977
VALUE-LINE INVESTMENT SURVEY, 1984
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caused crude oll prices to quadruple and a national panic in the
U.S. about 1long-term o1l supplies. Other world o1l reserves,
such as the North Sea and Alaskan oil, became economically feasi-
ble because of these price 1increases. Energy conservation
efforts were emphasized 1in view of the o1l shortage; and, as
shown in Figure 20-1, petroleum and natural gas consumption per
real GNP dollar began a sharp decline that 1s still continuing.

Proved o1l reserves in the U.S. (Figure 20-2 and Table 20-9)
have fallen from a high of 39.0 billion barrels in 1970 to 29.8
billion barrels in 1980, an annual compound decrease of 2.7%. If
this trend continues, U.S. proven oil reserves will be 16.9 bil-
lion barrels in the year 2000. Proven natural gas reserves have
also fallen from 51.5 billion barrels of crude oil equivalent in
1970 to 34.5 billion barrels of crude oil equivalent in 1979, an
annual compound decrease of 4,4%. U.S. proven natural gas re-
serves will be only 13.5 billion barrels of crude oll equivilent
by the year 2000, if the current trend continues. Figure 20-3
shows this decline in domestic crude oil production projected to
the year 2000. Figure 20-4 shows that the crude oll replacement
costs to the year 2000 will rise by $50/barrel.

The average production from crude oil "stripper"™ wells (>10
barrels per day) declined from 3.4 barrels per day in 1970 to 2.9
barrels per day in 1982 (a 1.3% annual compound decrease). How-
ever, stripper wells accounted for more than 17% of crude oil
production among the lower 48 states in 1982 (Figure 20-5). More
than half of total production from ten of these producing states
18 derived from stripper wells (Figure 20-5).

The effort required to produce a given amount of oil has
been progressively increasing. Table 20-9 shows that each foot
of well drilled in 1981 produced roughly one-third as much oil
reserves as a foot drilled in 1970. The cost per barrel of pro-
ducing new reserves has 1increased even more significantly, by a
factor of approximately 17 from 1970 to 1981.
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Figure 20-1. Petroleum and Gas Consumption Per GNP Dollar
(1972%), 1950-1982
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Figure 20-2. Proved U.S. Reserves of Crude Oil and Natural Gas
at Year End, 1960-1979
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TABLE 20-9

CURRENT CRUDE OIL RESERVES AND RELATED FIGURES IN THE U.S.

1970 1973 1975 1980 1981

PROVED RESERVES AS OF JAN. 1ST
~ (MILLION BBL) 405312 365342 339912 29810 29805
PROVED RESERVES AS OF DEC. 31ST
~(MILLION ERL) 39001 35300 32682 29805 29426
CHANGES IN RESERVE 1530  -1234 -1309 -5 =379
AMOUNT REMOVED FROM GROUND
~ (MILLION BBL) 3517 3361 3057 3146 3129
NET DISCOVERY OF NEW RESERVES
— (MILLION BBL) 5047 2127 1748 314 2750
FOOTAGE DRILLED, INCLUDING DRY
—HOIES  (MIILION ¥T) 85.12  72.68 100.22 163.7& 225.32
NEW RESERVES BY FOOTAGE DRILLED

(BBL/FT) 59.3 29.3 17.4 19.2 12.2
DRILLING COST INCLUDING IRY
HOLES (AVERAGE COST PER FI/IN $) 19.3 22.5 34,15 66.4 80.4
COST PER BARREL TO FIND NEW

L 0.30 0.72 1.95 3.57 6.81

a8 Estimated
SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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Figure 20-3. Projected Crude Oil Production
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Figure 20-4. Crude Oil Resources Replacement Costs
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Number of U.S. Stripper Wells and Crude Oil Prices

Number of Wells

Crude Oil Price

(Thousands) (Constant 19678)
420 71 T12
-\
! \
Average importi}— AN \
400+ Crude Price | - T 10
380+ Number of + 8
Stripper Wells I.
l /
360 ' / { 6
1 f ’
{ ) /'1—0-
340+ oo "~"Average U.S.4+ 4
) Crude Price
i / Stripper Prices
/ Decontrolied
320"—’.—— _____ j 4+ 2
300 4
3
+ : t : v
1970 1973 1976 1979 1982

Number of U.S. Stripper Well Abandonments and Percentage
of U.S. Production from Stripper Wells
Percent Lower 48 Crude Oil

Abandonments
(Thousands) Production From Stripper Wells
207 19
1 <+ 18
16 - PR R 1 4
,;
1 ya + 16
-
12 4 Stripper Well ’/' 418
Abandonments
4 - 14
81 _ ang 13
~-~. !/ % Lower 48
1 ~J Production 1 12
From Stripper Wells

4 + 4 11
1 1+ 10

b

0 f + ¢ +

1970 1973 19876 1979 1982

Source: Interstate Oil Compact Commission and National Stripper Well Association, 1983.
American Petroleum Institute, 1983, Energy Information Administration, 1982.

Figure 20-5. Stripper Wells and Prices
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Competitive Issues Affecting the Crude 01l and
Natural Gas Industry

Table 20-7 summarizes export and import statistics and shows
the negative balance of trade in this industry. Exports rose
from $45 million in 1972 to $800 million in 1982, an annual com-
pound 1increase of 33.3%. Imports rose from $2.7 billion in 1972
to $50.6 billion in 1982, an annual compound increase of 34.2%.
The net trade deficit 1increased from $2.6 billion 1in 1972 to
$49.8 billion 1in 1982.

Since the 1973-1974 OPEC oil embargo, the competitive pos-
tures in the industry have changed. NonOPEC supplies increased
during the 1970s: Mexico and the U.K. increased their combined
production by 160%. Phased decontrol of U.S. domestic crude oll
and natural gas prices coinclded with the 1979-1980 price
shock. A 151% increase in the wellhead price of crude oil from
1979 to 1981 was a direct result of the decontrol (Figure 20-
6). A huge 1increase 1in domestic oil and gas exploration
followed, with domestic rotary rigs in operation increasing 82%
between 1979 and 1981.

This boom in domestic exploration was suspended by the world
01l glut. Domestic oil prices declined through 1981 and leveled
off in 1982 to an annual average of $28.52 per barrel. Despite
the price decline, drilling rates remain significantly higher
than in the early 1970s. At the same time, natural gas prices
have stabilized, between the opposing forces of phased decontrol
and reduced demand, as a result of the more competitive oll

prices.

Productivity in the Crude 0il and Natural Gas Industry

The petroleum industry 1is capital 1intensive. In 1977 the
average payment for wages and other worker benefits was $19,000
per worker annually, while capital expenditures other than land
and mineral rights totaled $37,500 per worker.
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Figure 20-6. Wellhead Prices of Domestically Produced Crude Oil
and Natural Gas (1972$), 1960-1983
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Methods of determining productivity for this industry must
ultimately depend on the quality of the fields being worked; a
field which produces less will yield a lower value. Therefore,
innate productivity per worker cannot be assessed without more
comprehensive and detailed data on field quality.

New Technology in the Crude 0il and Natural Gas Industry

All evaluations of and new technologles developed for the
petroleum industry must be seen against the background of dwind-
1ling reserves and the higher costs of producing new sources of
petroleum products. More efficient production techniques and
enhanced o1l recovery (EOR), which extracts oil left behind by
the ordinary methods of production, will not be adequate in the
future. Table 20-10 1lists the new technologles in the crude oil
and natural gas industry.

Current methods of o1l production are known as primary and
secondary methods. The primary method is the basic one used when
oil 1is plentiful. Secondary methods include the 1injection of
water, gas, and air into the ground to force oil to emerge. It
1s estimated that primary and secondary techniques recover only
one-third of the existing oil; the remaining two-thirds, or ap-
proximately 300 billion barrels, remain in the ground.

The following tertiary methods for extracting the untapped
01l supply are, therefore, being tested:

° The introduction of surfactant polymers, caustics and
other advanced chemicals to a field to decrease inter-
faclal tension and improve sweep efficiency;

° Gas and chemical combinations introduced to strip and
swell residual oil and enhance the conformance of the
flood 1in the reservoir; these combinations 1include

carbon dioxide, nitrogen and fuel gases;
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° Thermal processes used to decrease the viscosity of
heavy olls; these processes use a steam drive, 1in situ
combustion, or other thermal/chemical combinations;

° The investigation of novel processes, such as microbial
and 1light oil steam drive.

Another methodology being explored is the production of oil
from o1l shale. This can be achleved by removing shale from the
ground, crushing 1t, and transporting it to processors called
retorts, in which heat 1is used to turn a substance called kerogen
into heavy crude oil. A second method to receive attention 1is
in-place processing of kerogen. Two commercial size retorts are
currently in operation in Unitah County, Utah, where they have
been producing 140 to 160 barrels of crude oil per day.

Other methods have been explored to improve the production
of natural gas. One approach 1s to fracture, below the surface,
the natural gas-bearing rock (known as "lenticular" sandstone),
thereby releasing the gas. This experimental approach 1s cur-
rently being performed in Colorado. It 1s estimated that up to
240 trillion cubic feet of gas might be recoverable in this man-
ner. A second, even more experimental method 1s to obtain gas
from ice-like crystals (methane hydrates) which are a mixture of
natural gas and water. These naturally occurring structures have
been found 1in the permafrost of Siberia and the ocean sediments
under the Atlantic.

In addition to these 1improved methods of extracting petro-
leum products from known sources, researchers are also investi-
gating new ways to locate those parts of the Earth which contain
petroleum reserves. The most well-known effort 1s the off-shore
drilling which has been commercially viable for some time now and
1s 1increasing in importance each year. Annual production of
offshore crude rose from 116.8 million barrels in 1960 to 461.9
million barrels 1in 1976, or 4.5% of total crude production. The
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production of natural gas also rose from 3.4% of total crude
production in 1960 to 21.5% in 1976.

Efforts are belng continually made to improve offshore dril-
ling operations. Drill ships and drilling and production plat-
forms, with better stablility 1in rough seas and with the capa-
bility to drill to greater depths, are being introduced. Subsea
production systems are being developed which will enable crews to
complete wells and perform other operations at the greater depths
of the outer continental shelf. These systems are expensive,
however, with completion costs as much as nine times higher than
onshore wells. Thus, cost reduction through improved technology
is a major goal of offshore research.

Advances are also being made in other areas relating to oil
exploration. These 1nclude the evaluation of photographs of
sites obtained by satellite; the use of aircraft equipped with
high-sensitivity magnetic devices to survey vast areas 1in the
Arctic and elsewhere; and, further research on techniques to
detect earth formations likely to contain oil which is difficult
to detect by conventional seismic methods. Computers contribute
to the exploration process by providing a fast means of proces-
sing and interpreting the data.

Improved methods of drilling also make use of the computer
to monitor and control operations. Other improvements in dril-
1ling operations 1nclude the use of drilling fluids, drill pipes,
drill bits and related equipment, and "down hole" motors.

In summary:

° Energy conservation efforts have been substantial 1in
recent years; however, since the most dramatic conser-
vation strategies (such as the 55mph national speed
limit) are now in place, continued efforts will produce

fewer results.
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° U.S. gross 1imports of crude oll and related products
are expected to 1ncrease 50% between 1983 and 1988 1in
order to meet the rising demand caused by economic

recovery.

° Proved o1l and natural gas reserves 1in the U.S. have
been falling since 1970. If current trends continue,
U.S. proved oil and natural gas reserves will be 16.9
bbl and 13.5 bbl crude oil equivalent, respectively, by
the year 2000.

° New technology 1s aimed at recovering petroleum
products 1left behind by the ordinary methods of
recovery, production of petroleum products from new
sources (oil shale and methane hydrates), and locating
areas where new supplies of petroleum products may be
found.

B.20.2 COAL MINING (SICs 11 and 12)

These subsectors include establishments engaged in producing
anthracite (hard coal), bituminous (soft) and 1lignite coal,
along with mining and dredging operations, and preparation plants
(cleaning plants, breakers, and washeries), whether or not such
plants are operated in conjunction with the mines served.

The subsectors' historical and current profile is summarized
in Tables 20-11 and 20-12, which portray their business and
structural profiles, respectively. Table 20-11 shows that indus-
try shipments have 1increased from 602.5 million short tons 1in
1972 to 838.1 million short tons 1in 1982, an annual compound
growth rate of 3.4%. Total employment has risen at an annual
compound growth rate of 3.5%, from 154,000 in 1972 to 217,000 in
1982. Earnings as a percent of total caplital were 7.2% in 1982,
down from 8.7% in 1979.
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TABLE 20-11

BUSINESS PROFILE OF
THE COAL INDUSTRY (SICs 11 AND 12)

SHIPMENTS 1972 1977 1979 1981 1982

MILLION SHORT TONS 602.5 697.2 781.1 §23.8 838.1

TOTAL REMPLOYMENT ,

~ (THOUSARDS)Y 154.0 225.1 227.3 229.3 217.1
1970 1975 1980 1981 1982

EXPORTS -

T MITLTONS SHORT TONS 71.0 65.8 89.9 110.2 105.2

MILLION $ 955 3242 4523 5809 5938

1960 1970 1973 1975 1978 1980 1981

PERCENT OF WORLD

PRODOCTION)

~ (AL COAL TYPES) 15 18 17 18 17 20 19

1979 1980 1981 1982

EARNINGS AS PERCENT
OF TOTAL CAPITAL 8.7 10.8 8.5 7.2

SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
CENSUS OF MINERAL INDUSTRIES, 1977
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 20-12

STRUCTURAL PROFILE OF

THE COAL INDUSTRY (SICs 11 AND 12)

ESTABLISHMENTS (1977)
CATEGORIZED BY
NO. OF EMPLOYEES)

SMALL (<20) )
INTERMEDIATE

(20-1000)
LARGE (>1000)

TOTAL

PRODUCTION COST
~ DISTRIBUTION, 1977

LEADING FIRMS, 1983

TOTAL PRODUCING ESTABLISHMENTS, 1977

TOTAL MINES (ALL COAL TYPES), 1977

TOTAL SIRIP PITS, 1977

SALES, 1983
NAME (MILLION $)
3718 EASTERN GAS & FUEL 1,999.6
ASSOCIATES
1720 THE PITTSTON COMPANY 1,229.8
13 THE NORTH AMERICAN 410.1
COAL CORP.
5451
OTHER
MFG. LABOR LABOR MATERIALS ENERGY CAPITAL
4.8% 19.3% 49.5% 1.8% 24 .6%
4991
3761
534
3227

TOTAL UNDERGROUND MINES, 1977

SOURCES:

CENSUS OF MINERAL INDUSTRIES, 1977
VALUE-LINE INVESTMENT SURVEY, 1984

U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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Table 20-12 shows the three largest coal producing companies
in the U.S., with 1983 combined total sales of $3.6 billion. Out
of a total of 5,451 establishments 1in 1977, 3,718 were small
(less than 20 employees), 1,720 were intermediate (20 to 1000
employees), and 13 were large (greater than 1,000 employees).

The majority of miners fell within the 35 to 55 year old age
group range 1in 1965. By 1979, the age of U.S. miners had
decreased, with the majority less than 45 years of age (Table 20-
13). The average education 1level of coal miners 1is currently
highest for those 1in the younger age groups, with 83% of those
under 25 having at least a high school diploma; only 11% or 1less
of those retired miners over 55 having a high school diploma
(Table 20-14),

Coal 1s mined either underground or on the surface. In
1950, underground mining accounted for 76% of all coal mining and
surface mining accounted for only 24%. By 1979, underground coal
mining accounted for only 39% and surface mining 61% (Table 20-15
and Figure 20-7).

Competitive Issues in the Coal Mining Industry

Coal accounts for 80% of the identified U.S. fossil fuel
energy reserves (approximately 1.5 trillion net tons, with an
estimated 1.3 trillion short tons in unexplored areas).

Table 20-16 shows the output per employee shift in coal
mining for the U.S. and selected other countries in 1960 and
1978. The U.S. rate of 8.25 short tons per employee in 1978 was
the highest while Poland was second with 3.97 short tons per
employee. However, the U.S. showed a 22.5% decrease in output
per employee shift from 1960 to 1978, the largest decline among
the ten countries listed.




TABLE 20-13

PERCENTAGE DISTRIBUTION OF ACTIVE COAL MINERS®
SELECTED YEARS, 1965-1979

AGE GROUP 1965 1969 1973 1979
TOTAL 100.0 100.0 100.0 100.0
UNDER 25 1.9 6.7 15.3 15.1
25 - 34 9.8 18.0 26.8 37.6
35 - by _ 28.6 22.9 19.1 21.3
5 - 54 36.5 32.5 23.7 14.8
55 AND OVER 23.2 19.9 15.1 11.2

® DATA INCLUDE MINERS IN APPALACHIA (80%) AND ILLINOIS, INDIANA, AND EAST
KENTUCKY (10-15%)

SOURCE: UNITED MINE WORKERS, HEALTH AND RETIREMENT FUNDS.

TABLE 20-14

EDUCATIONAL ATTAINMENT OF EASTERN COAL MINERS® BY AGE, 1975
(PERCENT OF ACTIVE AND RETIRED MINERSD)

0-8 YEARS 9-11 YEARS HIGH SCHOOL MORE THAN

AGE GROUP TOTAL QF SCHOOL QF SCHOOL GRADUATE HIGH SCHOOL
ALL AGE GROUPS 100.0 59.4 18.0 17.3 5.3
UNDER 25 100.0 1.2 15.7 61.4 21.7
25 - 34 100.0 13.4 24,2 43.3 19.1
35 - 4y 100.0 4o.4 23.4 30.9 5.3
45 - 54 100.0 55.4 28.0 15.3 1.3
55 - 64 100.0 68.3 20.2 10.5 1.0
65 - 74 100.0 79.5 14.3 4.2 2.0
75 - 84 100.0 92.3 3.5 2.1 2.1
85 AND OVER 100.0 93.6 6.4 0 0

2 COVERS WEST VIRGINIA, PENNSYLVANIA, KENTUCKY, ILLINOIS, OHIO AND ALABAMA.

D RETIRED MINERS AGE 55 AND OVER.
SOURCE: UNITED MINE WORKERS, HEALTH AND RETIREMENT FUNDS
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TABLE 20-16

UNDERGROUND COAL MINES, OUTPUT PER FMPLOYEE SHIFT,
U.S. AND SELECTED COUNTRIES, 1960 AND 1978

SHORT ‘TONS PERCENT CHANGE

COUNTRY 1960 19718 1960 - 1978
U.S. , 10.64 8.25 2.5
BELGIUM 1.23 2.17 76.4
FRANCE 1.37 2.00 46.0
HUNGARY .77 1.10 42.9
NETHERLANDS 1.25 2.54a 103.2a
POLAND 1.59 3.97 149.7
SPAIN .67 1.43 113.4
U.K. 1.68 2.48 47.6
U.S.S.R 1.70 2.52b 48.2b
F.R. GERMANY 1.77 3.96 123.7

a 1974 DATA

b 1976 paTA

NOTE: DATA ARE NOT STRICTLY COMPARABLE AMONG COUNTRIES AND MAY BE USED ONLY
AS BROAD INDICATORS OF LONG-TERM TRENDS. U.S. DATA ARE ON A MINER-DAY
BASIS AND INCLUDE BITUMINOUS COAL AND LIGNITE PRODUCTION. EUROPEAN AND
U.S.S.R. DATA ARE ON AN EMPLOYEE-SHIFT BASIS AND INCLUDE BITUMINOUS AND
ANTHRACITE COAL, BUT EXCIUDE LIGNITE PRODUCTION EXCEPT FOR DATA FOR
FRANCE IN 1960 IN WHICH LIGNITE ACCOUNTS FOR ONLY A SMALL PERCENTAGE OF
TOTAL, UNDERGROUND OUTPUT. ALL DATA INCLUDE SURFACE OPERATIONS OF
UNDERGROUND MINES.

SOURCES: U.N, ECONOMIC COMMISSION FOR EUROPE
U.S. DOE/EIA
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The balance of trade for the U.S. coal industry 1s favor-
able, with a surplus of 106 million short tons 1in 1982. The
annual compound growth rate for coal exports from 1960 to 1982
was 4.8%.

Productivity in the Coal Mining Industry

'~ The value added per worker in 1977 was about $45,900 as
shown in Table 20-6. This places coal mining below the petroleum
industry's productivity but above other mining activities. There
are no current data for comparison with other countries.

The value added per worker increased from $23,500 in 1972 to
$45,900 in 1977, an annual increase of 14%. This increase should
be considered in the 1light of a 14% per year rise in the GNP
implicit price deflator for fuels from 1970 to 1977. Again, the
conclusion may be drawn that perhaps most of the increase in
value added per worker was due to the price increases for fuels
during that period. Total production figures in Table 20-4 show
that the amount of coal mined increased from 613 million short
tons 1in 1970 to 697 million in 1977, or 14%, while the number of
workers 1in the coal mining industry increased from 160,000 in
1972 to 246,000 in 1977, or 54%. This would indicate a drop in
productivity. However, as with petroleum (and all other mining),
productivity 1s ultimately dependent on the quality of the coal
mines; thus, no firm conclusion can be drawn regarding innate
productivity in this industry.

As was shown 1in Table 20-5 coal mining as a whole 1is more
labor 1intensive than any of the other mining subsectors except
SIC 14 (nonmetallic mining other than fuels). Anthracite mining,
taken separately, 18 the most labor 1intensive type of coal
mining.

The renewed interest in coal as a fuel in the 1970s, because
of the o1l crisis, should be noted. If this caused a surge of
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investment, then the ratio of capital to labor costs for theée
years would look larger than usual; thus, coal mining, as a mat-
ter of course, may be the most labor intensive of all mining

categories.

Average hourly earnings of coal production workers in 1979
($10.26/nhr.) were about 1.5 times that of all manufacturing
workers, see Figure 20-8. This represehted an 1increase of 5.3
times the 1950 earnings of $1.94/hour.

Figure 20-9 shows that output per miner day from surface
mines was almost three times as much as underground mining, 1i.e.,

30.6 and 11.2 short tons per employee day, respectively.

New Technologies in the Coal Mining Industry

In contrast to the petroleum industry, there 1is no current
deficiency or dwindling reserves of coal to mine. This perhaps
explains why the majority of current research dollars are being
put into finding better ways to use coal rather than better ways
to mine or find it. The Department of Energy, for instance, does
a great deal of research on oil exploration and recovery, but its
research on coal deals with such things as coal gasification,
coal liquification, fuel cells, and the clean burning of coal.

There are, however, advances which have been made in the
extraction of coal from the ground, see Table 20-17. Perhaps the
most significant measure which has been used to increase produc-
tivity 1is the trend toward more surface mining. As noted pre-
viously, 61% of coal production in 1979 came from surface mines,
as opposed to 24% in 1950.

Surface mining 1s more capital-intensive than underground
mining. It 1includes two major processes used separately or 1in
conjunction: strip mining and auger mining. Strip mining in-
volves removing the rock and dirt overburden from a seam of
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Figure 20~-8. Average Hourly Earnings of Production Workers in Coal
Mining and Selected Industries, 1950-1979
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Figure 20-9. Bituminous and Lignite Coal Output Per Miner Day
by Method of Mining, 1950-1982
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coal by using bulldozers, power shovels, excavators, and
draglines (glant earthmoving machines). The coal is dug out with
smaller power shovels and then the overburden 1s replaced to
original contours, as required by law. Auger mining, on the
other hand, 1involves the use of large-~diameter coal drills that
move horizontally into an outcropping coalbed. This method re-
covers about 36% of highwall coal. The two processes may be used
together by stripping as much as 1s feasible followed by
augering.

Recent work on surface mining has introduced innovations in
designing slopes and hauling spoil material, to lessen the dif-
ficulty in restoring the original surface contour. These innova-
tions are based on a greater understanding of soil mechanics,
particularly rock mechanics.

New machines, such as scrapers, crawler tractors, bull-
dozers, loaders, continuous miners and augurs, have been
speclally designed for removing surface overburden and coal. For
example, the development of large-capacity earthmoving machinery
has made possible a new method of mining mountaintop coal seams
(often considered inaccessible in the past) and of recontouring
the land.

Innovations in haulage systems also make 1t feasible to mine
previously 1naccessible areas. One such method is the use of a
rail transportation system which is continually extended as oper-
atlions expand. Another 1s the use of slurry plpelines; a 273
mile slurry pipline has been delivering coal through mountainous
terrain from an Arizona mine to a Nevada electric generating
plant since 1970. In addition, longer plpelines are now being
planned or built,.

Underground mining methods have been 1improved by the

replacement of older, conventional equipment with continuous
mining and longwall machines; and, by the installation of haulage
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systems capable of moving more coal with 1less labor. A
continuous miner eliminates the sequential process of drilling
and shooting the coal and 1integrates the remaining processes of
cutting and loading. Longwall mining uses a plow or cutting drum
similar to the one used on a continuous miner; but, the drum 1is
hauled back and forth across the face of a coal seam, which may
be from 450 to 800 feet long as compared with the 16 to 20 feet
required for shortwall operations. The longwall miner also sup-
plies roof supports that protect the face workers and advance
with the face.

Longwall mining 1s more capital intensive than conventional
methods. It was imported from Europe 1in 1960 because of 1its
potential for recovering up to 95% of the coal in a seam and
because it could mine under difficult roof conditions. Longwall
machinery can produce an average of 1000 tons per shift, as com-
pared with the 300 tons per shift produced by the continuous

miner.

The use of continuous miners has one drawback when compared
to the older conventional mining methods: A breakdown in equip-
ment means that the extraction process 1s halted. This 1is par-
ticularly true with respect to the longwall miner. Therefore,
improved maintenance schedules have been developed to reduce
downtime through preventive care, and longer lasting equipment
with interchangeable parts 1is being used. Underground service
stations have also been set up to hasten the repalir and main-

tenance process in underground mines.

Safety research 1s ongoing in the area of roof support and
clean air. Automatic roof bolters are part of modern equipment,

as are air monitoring systems.
The computer has come to play a part 1in all phases of coal

mining. Computers are being used to design new mines, modify
existing layouts, set up more efficlent operations and revise
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production methods and methods of preparing the coal for cleaner
burning at the older mines. They are also being used on-line to
monitor air quality and to activiate air moving systems or sound
warnings when air quality deteriorates.

A leapfrog technology which may play a part in underground
mining 1s teleoperated mining equipment, which would enable
miners to reach deposits now unattainable because of safety
needs. Refer to Section E.10 for a discussion of Telepresence.

In summary, current research seems to be aimed at more ade-

quately solving old problems and introducing new methods. Key
efforts might be classified as:

° digging the coal from the earth as quickly as possible,
either underground or in an open area, under a variety
of geologlical conditions;

° conveying the coal as quickly as possible to some cen-
tral location where 1t can be handled by faster auto-
mated techniques;

° moving the mining operation and 1its associated equip-
ment forward in the mine as quickly as possible once
the coal has been removed from an area;

' providing for the safety of mine workers 1in various
ways. In underground mines this means supporting the
overhead structure so that 1t does not collapse when
the coal has been taken from underneath 1t, and re-
moving dangerous substances from the atmosphere sur-
rounding the mining operation. It also 1includes
sounding alarms for conditions that become untenable,
and 1improving rescue and evacuation techniques after an
accident has occurred;
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° using the computer 1in as many ways as possible to
assist in modeling and design on the one hand, and on-
line monitoring and control, on the other.

Advances 1in these flve areas would also find application in
many other types of mining.
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